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LOT NOI DAU 


Trong nhung ndm gan ddy nho su ddu tu cua Nha nude , Nganh Xdy dung co ban dd 
vd dang co nhung buoc phdt triin nhdy vot tao dd cho su phdt triin kinh ti' xa hoi & 
nude ta. Trong su phdt trien chung d'y, nhiiu cong nghi tiin tii'n dd dupe dp dung mb 
trong do khdng thi thiefu dupe su khai thac, su dung cung nhu tii'n tdi tu thii't ki', che 
tao ede may vd that bi xdy dung hiin dai. 

Di thd'y rdng may vd thii't bi xdy dung rd't da dang khdng nhirng vi chuc ndng, ve 
ddc tinh kl thudt, vi hinh ddng kich thude, trong lupng mb con ca vi dac dii’m lam 
viic, mice dd tu dong hod... Tuy nhien ni'u xet trin phuemg diin tinh todn thii't kif vd 
cd'u tao thi nhiiu phuong phdp tinh vd cac cum chi tii't cd thi dung chung cho cac may 
khac nhau. Viic ndm dupe ede vd'n di vita niu, mdt mdt lam ccr sd cho viic khai thde 
vd su dung cd hiiu qud hom, mdt khde cung tao tiin di cho viic thii't ki chi' tao may 
mdi. Cud'n sdeh "Co sd thiit ki' mdy xdy dung" dupe vii't vdi hy vong dap ung dupe 
phdn nao cac yiu cdu do. 

Sdeh do tdp thi Can bo thude Bd mon Mdy xdy dung Khoa Co khi xdy dung Truong 
Dai hoc Xdy dung biin soan vd dupe phdn edng nhu sau: 

PGS.TS. Vii Liim Chinh (Chu biin): §7.7, §7.2 chuong 1 vd cac chuong 6, 7, 8, 
9 vd 10. 

TS. Pham Quang Dung: §7.J, §7.4 chuong 1, chuong 3 vd §5.7 chuong 5. 

TS. Truong Qud'c Thanh: chuong 2, 4 vd §5.2 chuong 5. 

Sdeh dupe dung 1dm giao trlnh gidng day cho cac Nganh Mdy xdy dung vd Co gioi 
hod thi cong thude Khoa Co khi xdy dung Truong Dai hoc Xdy dung ddng thdi Id tdi 
lieu tham khdo, nghiin cieu cho cac edn bd kl thudt, can bo quan li vd nhung nguoi cd 
lien quan. 

Do sdeh dupe in Idn ddu, tdi liiu tham khdo hqn chi' nin chdc chdn khdng tranh 
khoi sai sot. Chung tdi rd't mong nhdn dupe su ddng gop y kii'n cua ban doc di cd thi 
siea chua, bo sung vd hoan thiin hon. 

Cac tac gia xin chdn thanh cam on su dong gop cua cac dong nghiip thude Bo mon 
Mdy xdy dung, ddc biit la y kii'n ddng gop cua Tien si Nguy in Thieu Xudn. 

Cac tac gia 
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Chiimig 1 

KHAI NI$M CHUNG 


§1.1. GIOI THIEU CHUNG Vfe MAY XAY DUNG 

1.1.1. Y nghia va vai trd cua may x£y dung 

Xiy dung va phat tridn cic c6ng trinh xiy dung din dung, edng nghidp, ca sd ha 
ting... dong vai tro quan trong trong vide phat tridn kinh td' xi hpi nhi't li ddi vdi cac 
nude dang phat tridn nhtr nirdc ta hi$n nay. Vi vay bdn canh vide tang cirong diu tu vd 
tii chinh thi vide ap dung nhung edng nghd mdi nhim ning cao chit lugng, ha gii thinh 
cQng nhu dim bio tid'n dd thi edng li vide lim hit sue cin thid't. Vdi vide ung dung 
cac edng nghd mdi tidn tid'n thi vide su dung cac may vi thid't bj li didu tat yd'u. Khi 
do may vi thid't bi xay dung khdng nhttng chi ting nang suit lao ddng, tang nhip dd 
thi edng mi edn la yd'u td' khdng thi thid'u dugc dd dim bio chit lugng vi ha gia thanh 
cOng trinh va thim chi trd thanh nhan td quyd't dinh din su hinh thanh mdt edng trinh 
hidn dai. Thuc ti xay dung d cac nude tidn tiin edng nhu d nude ta da chi ra ring vide 
xiy dung cac nhi cao ting khdng thi thiiu duoc cac cin true co chiiu cao nang, tim 
vdi, tii trong nang ldn, cic mdy bom bd tdng hidn d?ii cQng nhu nhidu thiit bi khac. 
Vide xay dung cic edng trinh thuy didn, bin cing, ciu dudng... khdng thi hoin thinh 
vi dim bio chit lugng niu khdng su dung cac miy lim di't, cac thiit bi gia cd' nin 
mong, cic thiit bi sin xui't vit lidu vi nhiiu thiit bi khic cd ttnh ning ki thuit phu 
hgp v.v... Chinh vi nhtrng li do ndu trdn, may xiy dung ngiy cang cd y nghia va vai 
trd ldn horn trong edng tic xiy dung ca bin noi ridng va ndn kinh ti noi chung. 

1.1.2. Phan loai may x£y dung 

Miy xiy dung rit da dang vd chung loai, tinh ning ki thuit, phuang thuc lim vide... 
ndn cd rit nhidu each phin loai khic nhau, vi du phin loai theo edng dung, theo die 
diim qua trinh lam vide, theo phuang thuc di chuydn... 

Theo edng dung, may xiy dung dugc phin thinh nhung nhom miy chinh sau: 

1. Nhom ddng ca hay edn goi li nhom may phit luc. Diy li nhom may truyin hoic 
biin ddi ning lugng dd cung cip ddng luc cho hoat ddng cua may, nhu d0ng ca dd't 
trong, ddng ca didn, ddng ca thuy luc..., hoic td hgp miy nd - miy phat didn, td hgp 
ddng ca dd't trong - bam - ddng ca thuy luc... 

2. Nhom may van chuydn ngang dd van chuydn v$t lidu theo chu ki nhu d-td, 
may keo... 

3. Nhom miy nang - chuydn dd van chuydn vit ning hoic vit lidu theo phuang th&ng 
dung hoic nghidng trong pham vi hep nhu cac loai cin true, kich, tdi, bing tii, vit tai... 


5 



Tuy theo edng dung, nhom may nang - chuy^n lai c 6 th6 phan thanh: 

- Nhom may nang dan gian: la nhom may nang c6 nhiem vu chu y6'u la nang (ha) 
vat nhu kich, van thang, tdi... 

- Can true: la cac may nang ph6 bie'n nhdt. Chung khdng nhung co kha nang nang 
(ha) vat ma con co kha nang dat vat nang tai vi tri theo ydu cdu cua edng nghe bang 
viec phd'i hap cac chuy^n dong quay, di chuy^n va thay d6i idm vdi. Nh6m mdy nay 
rat da dang, thudng gap nhat la cac loai can true tu hanh banh hai hodc banh xich, can 
true thap, can true chan de, cdu true, edng true,,. 

- May va thie't bi van chuydn lien tuc co bd phan keo nhir bang tai, gau tai, xich tai 
hoac khdng co bd phan keo nhu vit tdi, con lan tai... Thudng nhom may nay dugc su 
dung dd van chuydn vat lieu rdi theo phuang thang dung hoac nghieng. 

- Cac mdy va thie't bi nang chuydn dung nhu cac can true chuydn dung cho luydn 
kirn, thang may (chd ngudi hoac chd hang), van chuy^n cap... Do tinh chat ddc biet 
cua chung, khi thie't ke', su dung cac loai may va thie't bi ndu trdn phai tuan thu nghidm 
ngdt cac tieu chudn va nhat la cac quy pham v£ ki thudt an toan trong ca'u tao, lap dat, 
quan li va su dung da dugc ban hanh. 

4. Nhom may lam dat va gia cd' ndn mong 

Day la nhom may bao gdm nhtfng may va thie't bi phuc vu qua trinh thi cong dat, 
6n dinh va gia cd' n£n mong trong xay dung ca ban. Do tinh da dang cua chung n£n 
trong thuc te ngudi ta thudng phan nho nhom may nay thanh cac loai may sau: 

- May dao va chuy^n da't nhu may ui, xdi, may cap, may san, may bd'c xuc... 

- May xuc (dao): nhu may xuc (dao) mdt gau, may dao nhi£u gau... Trong thuc te' 
tuy theo quy dao chuy^n ddng cua thie't bi edng tac cung co th£ phan nho han ntfa nhu 
mdy dao m0t gau co th£ chia thanh may dao g«lu thuan, gau ngugc, gau day, g^u 
ngoam... 

- May va thiet bi dam nhu lu chan cuu, lu banh ld'p, lu rung, dam ddng... 

- Mdy va thiet bi dong (ha) coc nhu cac loai bua dong coc (bua diezen, bua thuy lire, 
bua rung, bua va rung), thie't bi ep coc, may khoan coc nh6i... 

- Mdy va thie't bi dn dinh nen mong nhu cac may phay trdn tai ch6 (mdt rdto hodc 
lien hgp), may edm bac tha'm, may va thie't bi ha coc cat... 

5. Nhom may sin xua't vat lieu va ca'u kidn xay dung 

Nhom may nay rd't da dang, vi vdy theo edng dung chung trong thuc te' thudng dugc 
phan nhd han thanh cac loai mdy sau: 

- Mdy va thiet bi san xuat da: la ede may co edng dung giam kich thude va phdn 
loai chung thanh tung nhom co kich cd gan gid'ng nhau nhu mdy nghi6n (nghi£n md, 
nghi£n edn, nghien bua, nghien true, nghi^n bi...), may sang (sang lac, sang rung, sang 
d'ng...) hodc t6 hgp cua chung theo mdt sa d6 edng nghe da dugc lua chon (thudng dugc 
goi Id tram nghien - sang). 
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- May va thie't bi sin xua't gach (nung hoac kh6ng nung) nhu cic may va thie't bi san 
xu£t gach tu da't theo phuang phap d£o (dun, ep), theo phircrng phap ban khd (ep) hoac 
may va thie't bi sin xua't gach khdng nung tir bdtdng (rung, rung ep, va rung...). 

- May va thie't bi san xua't vat lieu lap, nhu may va thie't bi san xua't ngoi, san xua't 
tarn lap (kim loai hoac phi kim loai). 

- May va thie't bi san xua't gach 6p, lat. Tuy theo vat lieu va cdng nghe dirac sir dung 
khi san xua't, may va thiet bi san xuat gach dp, lat co th£ phan thanh tCrng nhom khac 
nhau nhd han nhu may, thie't bi gia cdng da, t6 hap thie't bi (day chuydn) san xua't gach, 
gd'm, sir... 

- May va thie't bi san xua't cha't ke't dinh nhu ximang, thach cao... Thurdng nhom may 
nay la t6 hap nhidu loai may khac nhau phu thudc vao muc dd hien dai cua day chuydn 
cdng nghe, tuy nhien khdng thd thid'u dugc cac may chu yd'u nhu may nghidn, thie't bi 
nung, thiet bi nang - chuydn, thie't bi loc bui, dinh lugng... 

- May va thie't bi phuc vu cdng tac betdng. Day la nhom may phuc vu cdng tac betdng 
tu khau san xua't betdng den khau dim chat va tao hinh sin phdm, vi v$y thudng dugc 
phan nho han thanh cac loai may nhu sau: 

+ May trOn betdng tu do hoac cudng buc; 

+ May va thie't bi van chuydn betdng nhu bam betdng, dtd van chuydn chuydn dung... 

+ May va thie't bi d^m chat va tao hinh san ph^m nhu cac loai dim mat, ddm dui, 
ddm canh, ban rung... 

+ Tram trdn betdng: la td hgp cac thie't bi cap lieu, dinh lugng cd't lieu, cha't ke't dinh, 
nude va may trdn. Tuy theo muc dd hien dai hoat ddng cua tram trdn co the dugc ca 
gidi hoa, tu ddng hoa mdt phdn hoac hoan toan. 

6. Nhom may va thie't bi hoan thidn 

May va thie't bi hoan thidn thudng co kich thudc va cdng sua't khdng ldn. Chung bao 
gdm cac may va thie't bi phuc vu cdng tac phun san, vdi, mai tudng, mai va danh bong 
san, cau thang; cac thie't bi phuc vu cdng vide vd sinh, lau rua mat ngoai; cac thie't bi 
cua, cat... 

7. Nhdm may va thie't bi chuydn dtlng 

Day la nhdm may phuc vu cdng tac thi cdng cho mdt loai cdng vide xay dung co 
dac thu ridng nhu thi cdng mat dudng (may rai da, betdng, asphalt betdng; may boc lap 
mat dudng, may va thie't bi gia nhidt nhua dudng, tram trOn bdtdng nhua...); may va 
thie't bi thi cdng ham (may dao, may khoan...); may va thiet bi nao vet ludng, lach (tau 
cud'c, may hut bun...); may va thie't bi thi cdng trong mdi trudng ddc hai (nhu d khu 
vuc c6 nhidt d0 cao, co phong xa...). 

Vide phan loai ndu tren day nham sap xd'p cac may va thie't bi phuc vu cdng tac xay 
dung ca ban theo nhdm co cdng dung gid'ng nhau hoac gan gid'ng nhau d^ ti0n cho vide 
nghidn cuu sau nay. Chu y ring, ngoai each phan loai da ndu cdng con co nhidu each 
phan loai khde, ddi khi rat chi tid't. Vide phan loai nhu vay thudng dugc ndu trong cac 
giao trinh chuydn nganh cu th^ ndn khdng ndu d day. 
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1.1.3. Ve xu the phat trien cua may xay dung 

Trong nhtfng nam vua qua, cung vdi su phat tridn cua khoa hoc va cdng nghd, tuy 
khdng cd su thay ddi nhidu ve nguydn If lam vide, may va thiet bi xay dung da co nhtfng 
thay ddi dang kd vd phucmg thuc din d0ng va didu khidn, vd kd't ca'u, ve tidn nghi lam 
viec... nbam nang cao nang suat lao ddng, tie't kiem vat lieu va nang lupng. Rat kho co 
thd tom tat ngan gon ve xu hubng phat tridn cua may va thiebt bi xay dung, song mdt 
each so bd co thd tha'y vide thiet kd', chd' tao may xay dung dupe cai tid'n theo cac hubng 
chinh sau: 

- Su dung cdng nghd tin hoc trong tinh toan thid't bi, dac bidt dua vao qua trinh tinh 
toan cac yd'u td' ddng luc, yd'u td phi tuyd'n, ngSu nhidn... dd xac dinh hop H cac thdng 
sd' va kd't cau cua may, nhb do may dupe thiet kd' da phu hqrp vdi thuc td' horn, co do 
tin cay cao hem, tid't kidm nang lupng va vat lidu nhidu horn. 

- Thay thd' truyen dong co khi bang truydn ddng thuy luc d nhttng chd co thd thay 
thd' dupe dd mdt mat d£m b&o kd't cau gon, dep, mat khac quan trong horn d£m bao 
thuan lpi cho vide tu ddng hoa qua trinh didu khidn va td'i uu hoa qua trinh lam viec. 

- Su dung ki thuat do hidn dai kd't hop vdi cdng nghd tin hoc, nham xac dinh tuc 
thdi cac thdng sd' c a ban cua may, d6ng thdi thixe hidn qua trinh didu khidn tu ddng dd 
dam bao cho may hoac mdt td hop may co su lam vide dung vdi yeu cau cdng nghe 
dat ra mdt each an toan. Trong mot sd' may co cdng suat Ion nhat la dd'i vdi td hpp may 
nhu tram tron be tdng, asphalt be tdng, day truydn san xuat gach lat..., qua trinh san 
xua't da dupe tu ddng hoa va dieu khidn theo chuong trinh. 

- Tang cubng tinh tidn nghi cho ngubi dieu khidn hoac didu hanh bang each thay 
dan vide didu khien bang tay gat sang nut bam hoac theo mot chuong trinh co san. Ngay 
nay vide hien thi cac thdng sd' chu yd'u cua qua trinh cdng nghd cung nhu cac hong hoc 
cua no ldn man hinh da khdng con xa la vdi may xay dung. 

- Da chu y ra't nhieu dd'n viec dam bao vd sinh mdi trubng dac bidt trong vide xu li 
bui va khoi, ddng thdi cai thidn mdi trudng lam vide cua ngudi dieu khien. 

- Rat chu y den kieu dang my thuat cdng nghidp, nen cung vdi viec cai tid'n khac, 
may va thid't bi xay dung hidn dai ngay nay thubng gpn va dep horn trude day. 

§1.2. CAU TAO VA YEU CAU CHUNG 

1.2.1. Cau tao chung cua may xsiy dung 

Tat ca cac loai may xay dung di ddng co thd coi 
nhu mdt hd thd'ng bao g6m cac cum chu yd'u sau 
day (hinh 1.1): Cum ddng luc 1, cum truydn dong 2, 
cum (bd phan) lam vide 3, cum (co ca'u) di chuydn 
4 va hd thd'ng didu khidn 5. 

Cac cum nay lai gom cac tdng thanh va b0 phan 
khac nhau do cac chi tiet tao ndn. 
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Hinh 1.1: So dS cdu true 
cua may xdy dung di ddng 




Cum d0ng luc II ngu6n cung cl'p nang lirQfng (hole d6 chuydn d6i nang lwyng nhu 
chuy^n diOn nang thanh cor nang, chuy£n diOn xoay chiOu thanh diOn mOt chidu...) 

Cum truyOn dOng thuc hiOn truy£n nang lugng tdi cac ca cl'u (di chuy^n, lam viOc...). 

BO phan lam vi0c thuc hiOn cac chuc nang cua may da dinh trude cho tung loai may. 

Ca cl'u di chuy^n dam bao qua trinh di chuy^n may (dO'i vdi cac may tlnh tai va elm 
tay sO khOng co ca cl'u di chuy^n). 

HO thO'ng dilu khiOn dung di£u khiOn cac ca ca'u va bO phan lam viOc. 

Ngoai cac cym chu yeu trOn, may c6n co khung bO va cac bO phan phu trg khac nhu 
chiO'u sang, an toan, di£u hoa... 

Td hop cac cum dOng luc, truyen dOng goi la hO dan dOng. 

He dan dOng may xay dung chia thanh dan d0ng mOt d0ng ca va din d0ng nhilu 
dOng ca. O hO dan dOng mOt dOng ca thi tat ca cac ca ca'u hoat dOng dugc nhd nang 
lugng tu mOt dOng ca qua bO truyln dOng ca khi. Day la h$ din d0ng ca khi. 

6 hO din dOng nhilu d0ng ca thi thiO't bi d0ng luc (thuOmg 11 d0ng ca dO't trong) din 
dOng cho may phat diOn, born thuy luc hay may nen khi llm vi0c d 6 cung clp nlng 
lugng cho dOng ca cua tung ca ca'u riOng biOt. DiOu nay cho phep diOu chinh d0c lap 
va tu dOng hoa dO ding. 

He din dOng diOn su dung rOng rai trOn cac may cO' dinh hoac di chuyOn ngln nhu 
may nghien sang da, cln true thap... 

He din dOng thuy luc: Cac thiOt bi bio'n d6i nlng lugng cua dOng ca thlnh nang lugng 
cua dong thuy luc (thuy dOng hay thuy tinh) r6i lai chuyOn thanh nang lugng ca hpc. 

May xly dung co thO xem la mOt hO thO'ng vl thuang bao g6m cac cum chinh sau: 

1. D0ng ca dan d0ng 

2. He truyOn d0ng 

3. Ca ca'u cOng tac 

4. Ca cau di chuyen 

5. Ca ca'u quay 

6. HO diOu khiOn 

7. Cac thiO't bi phu khac nhu ho chio'u sang, thiO't bi an toln, tin hiOu... 

8. Khung may 

Tuy theo loai may ma cac cum thiO't bi nOu trOn co d0 phuc tap khac nhau vk co the 
day du hole khOng. 

Trong nhieu truang hgp dO dam bao tinh da nlng va ha gia thlnh cua may, nhiOu 
loai thiO't bi cOng tic thuang dugc lip trOn cung m0t may ca sd co cOng dung chung. 

1.2.2. Yeu cau chung doi vdi may xay dung 

DO'i tugng cOng tac cua may xly dung rift khac nhau khOng nhthig vO tinh chit ca li 
ma ca vO die dilm cOng nghO, diOu kien lam viOc..., vl thudng chung co ki'ch thude 
trong lugng ldn, vi vay yOu cau chung dO'i vdi chung co the dugc dlt ra nhu sau: 
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- Ch(?n hgp li va su dung tid't ki0m nguOn nang lugng. Vori may ccr d0ng, d0ng c<J 
d§n dOng thudng dugc chon la d0ng co ddt trong, tO hgp dong ccr ddt trong - may phat, 
d0ng ca ddt trong - bom - d0ng ccr thuy luc... 

- Co do bOn va tudi thg cao. 

- Kich thude gon, nhe dd van chuyOn, dung lap; co kha nang thi cOng trong dja ban 
chat hep, didu kidn thai tie't khac nghiet; co tinh co d0ng cao. 

- Dam bao nang sua't va chdt lugng thi cOng; co kha nang phOi hgp vdi cac may khac 
trong day chuydn cOng nghd, kha nang thay ddi ca cau cOng tac, cung nhu kha nang 
sua chua, thay the thuan tien. 

- Dam bao cac ydu cau vd sinh mOi trirerng cflng nhu vd sinh cOng nghidp theo quy 
dinh, thuan ti0n, an toan khi van hanh. 

- Gia thanh ddu tu ha, hidu qua dau tu cao. 

- My thuat cOng nghidp tOt. 

1.2.3. Cac chi tieu kinh te ki thuat 

Cac chi tidu kinh td' va ki thuat chu yd'u cua may xay dung la: Nang sua't, d6 tin cay, 
tinh On dinh, tinh ca dOng, kha nang dd thong qua, tinh thich ung vd mat xa hoi. 

Nang suat may dugc bieu thi bang sd lugng s£n phSm tren dan vi thai gian nhu: //ph; 
nrVh; t/h... va dugc phan thanh 3 loai nang sua't khac nhau la: Nang suat li thuyd't, nang 
suat ki thuat va nang suat thuc te. 

Nang suat li thuyd't'N It dugc xac dinh khi may lam vide trong didu ki0n li tudng phu 
hgp vdi thdng sd ki thuat cua may khi thid't kd'. 

Nang sua't ki thuat N k( dugc xac dinh khi may lam vide trong didu kidn co kd ddn 
anh hudng cua ddi tugng cOng tac nhu tinh chat cua da't, da, dieu kidn dia hinh... 

Nang sua't thuc te N„ dugc xac dinh theo sd' san phtim thuc td do may tao ra trong 
mot don vi thdi gian. Dd tha'y dugc rang nang sudt cua may phu thuOc khOng nhung 
chi vao dac tinh ki thuat, do tin cay... cua may ma con phu thuOc ca vao trinh d0 quan 
li, khai thac, b£o qu&n... va N tt < N kt < N It 

DO tin cay la m0t chi tieu tOng hgp dugc bieu hidn d tinh khdng hong, d d0 bdn lau, 
tinh sua chCra... DO tin cay cang cao thi nang sua't cua may cang tang, do it phai dung 
may do hong hoc, do sua chua... 

Tinh On dinh cua may dugc the hidn d kha nang lam viec cua may vdi thdng sd ki 
thuat On dinh. No la m0t chi tieu quan trong anh hudng den nang suat va gia thanh 
s£n pham. 

DO ca d0ng va kha nang dd thong qua cua may dac trung cho kha nang thich nghi 
cua may trong di chuyen khi lam viec cung nhu khong lam viec tren cac dia hinh 
phuc tap. 
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Tinh thich img v£ mSt xa hpi phin £nh kha nang phil hop cua may trong di£u kien 
xa hoi nhir an toan, tien nghi cho nguoi van hanh, dam bko ve sinh cOng nghiep, vt 
sinh mPi trubng. 

Ngoai cac chi tieu tren nguoi ta con sir dung nhieu chi tieu khac d£ danh gia su lam 
viec cua cac may cu the nhu tinh nhiet dbi hoa, muc dP va hieu qua d£u tir... Cac v^n 
de nay, nguoi doc co thd nghien ciru sau hom b cac tai lieu tham khao. 

§ 1.3.TAI TRONG TREN MAY XAY DUNG 

1.3.1. Ch£ do lam viec 

Doi tuong phuc vu cua may xay dung rat da dang, yeu cau c6ng viec va dieu kien 
sir dung cua cac loai may xay dung cung rbt khac nhau. Ngay trong cung mbt loai may, 
tuy theo yeu cau thuc te' ma dieu kien su dung may ctlng khbng giP'ng nhau. Dua vko 
yeu cdu thuc te' ve dieu kien su dung may ma chu y€u la muc dP su dung may theo 
thbi gian va muc dp chat tai, nguoi ta phan loai cac co cau va may xay dung theo cac 
nhom che' dP lam viec tieu chuan. Viec phan loai may xay dung theo cac nhom che' dP 
lam viOc giup cho nguoi thie't ke, che' tao co co so di chon cac he s6' khi thi£t ke' may 
cho phu hop vdi di£u kien lam vi6c thuc te' cua may nhSm dam bao dP an toan, dP tin 
cay, tuoi tho va giam gia thanh may. 

Theo dac di^m cua qua trinh lam viec, may xay dung duoc phan thanh hai nhPm: 

- Nhom may xay dung co che dp lam viec lien tuc, nang suat cao va On dinh, qua 
trinh chat va do tai xay ra khi may dang lam viec. DPng co cua nhom may nay lam 
viec theo che dp dai han. Nhom nay g6m: May van chuyen (bang tai, xich tai, gau tai, 
vit tai...), may dao nhieu gau h£ xich va he roto, may nghi£n, may sang, may bom be 
tong, mot sP' may tron be tPng co che do lam viec lien tuc... 

- Nhom may xay dung lam viec theo chu ki g6m cac loai may nang, may dao mbt 
gau, may dao - chuyen dat, may dong coc, may trPn be tPng theo chu ki... Dong co cua 
cac loai may nay lam viec theo che' dP nga'n han, dac biet la dPng co cac co cau cua 
may nang lam viec theo che' dP ngdn han lap di lap lai trong chu ki. 

Cac nhom che do lam viec tieu chuan cua cac loai may nang, may larri dbt va may 
san xua't vat lieu xay dung duoc gibi thieu trong cac tai lieu chuyen nganh va cac tieu 
chuan quoc gia. Trong moi bubc tinh toan cac chi tiet, cac co cau cQng nhu ke't c£'u 
kim loai cua may deu phai chu y den anh hubng cua che' dp lam viec. Vi vay trong tai 
lieu nhy, de co co so cho viec tinh toan cac chi tie't va co ca'u may b cac chirong sau, 
chung tCi xin gibi thieu cac sP' lieu phan loai che dp lam viec cua may nang. Do'i vbi 
cac loai may khac, dua vao di£u kien lam viec thirc te' co th6 quy ve che' dP lam vipc 
tuong duong. Xe'p loai co cau lam viec theo che' dP nay hay che' dP khac phai dua tr6n 
co so quan sat su lam viec cua no trong thbi gian nh£t dinh. 
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Theo TCVN 5862-1995, may nang dirge phan th&nh tam nhom che d0 lam viec 
A1-A8 trfcn ca sd phOi hop mudi ca'p su dung U0-U9 vh bOn cOp tdi cua thie't bi Q1-Q4; 
cac ca cOu mdy cflng dugc phan ra tam nhom che' d0 lam vi0c M1-M8 ung vdi mudi 
cap su dung T0-T9 va bOn cap tai cua ca ca'u L1-L4. Tuy nhien, hi0n nay rat nhieu tai 
liOu cflng nhu trong thuc te sir dung d nude ta vln dung each phan loai che' d0 lam viec 
theo tieu chu^n cfl TCVN 4244:1986. ti0n cho vi0c tinh toan va xOp loai ca ca'u theo 
che' d6 lam viec tieu chuSn, dudi day gidi thiOu each phan loai che' do lam viec cua ca 
ca'u may theo TCVN 4244:1986. 

Che' d6 lam viec cua ca cau dugc dac trung bang cac chi tieu sau day: 

- Cudng dO lam viOc cua ca cOu: 

CD% = - 100 , 

T 

Trong dd: 

t - thcri gian chay may trong m0t chu ki hoat dOng, bao g6m tOng thdi gian md may 
Xt m va tdng thdi gian lam viec vdi tOc dO On dinh Xt v : 

t = Xt m + Xt v . 

T - toan bO thdi gian m0t chu ki lam viec cua ca c0u, bao g6m tdng thdi gian chay 
may t, tdng thdi gian phanh Xtp va tdng thdi gian ddng may Xt^. 

T = Xt m + Xt v + Xt p + Xt d . 

- HO s0 su dung ca cau theo tki trQng: 



Trong do: 

Q tb - tai trong trung binh tinh trong vdng mOt n3m hoat dOng; 

Q - tai trong danh dinh eda ca ca'u. 

- HO sd sir dung ca ca'u trong ngay: 

SO gid lam viOc trong ngay 

^ng = 

24 

- HO s0 su dung ca cOu trong nam: 

SO ngay lam viec trong nam 

K= - : - 

365 

Ngoai ra cflng edn chu y de'n mOt sO chi tieu khac nhu sO ldn md may trong mOt gid 
tinh trung binh trong m0t ca lam viOc m, sO chu ki lam viOc trong mOt gid a ck , nhiet dO 
mdi trudng xung quanh. Ckc ca ca'u may dugc chia ra hai nhom: Dan d0ng bang tay va 
dan dOng may. Nhom d§n dOng b&ng tay lam viOc vdi tOc d0 rat cham va nhiOu quang 
nghi lau. Nhdm din d0ng may dugc chia ra cac che' dO lam viOc sau: Nhe (Nh), trung 
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binh (T), n£ng (N), rbt ning (RN) va rdt n£ng lien tuc (RNL). Trong bing 1.1 la cac 
sO lieu vd che' dd lam viec cua cor cbu may n£ng, ngoai ra cbn cb cac sd lieu v6 thbi 
han phuc vu va tu6i tho nen dung dOi vdi cac chi tibt m£y didn hinh cua cor cdu dd tinh 
toan chung theo sue bln mbi. 


Bang 1.1. Cac sO lieu ve che dd lam viec cua cor c3fu may 


Chd do lam viec 

Nhe (Nh) 

Trung 
binh (T) 

Nang (N) 

Rdt nang 
(RN) 

Rdt n$ng 
lidn tuc 
(RNL) 

Cubng dp lam viec, CD% 

15 

25 

40 

40 + 60 

60+ 80 

He s 6 su dyng trong ngay, kng 

0,33 

0,67 

0,67 

1.0 

1.0 

He s0 sir dung trong nam, k n 

0,25 

0,5 

0,75 

1.0 

1,0 

He sb sir dung tai trong, kQ 

0.5 

0,5+ 0,75 

0,75+ 1,0 

1.0 

1.0 

SO lan mb may trong mOt gio, m 

60 

120 

240 

300 

720 

SO chu ki lam viec trong m0t gib, a c k 

10+ 15 

20+ 25 

30+ 35 

40 

- 

Nhiet dO mdi truong, t°C 

25 

25 

25 

45 

45 + 60 

Thai han phuc 

6 lan 

10 

5 

3 

3 

3 

vu, nam 

B&nh rang 

True va cac chi 

15 

10 

10 

10 . 

10 


tidt khac 

25 

15 

10 

10 

10 

ThOi gian lam 

6 lan 


3500 

5000 

10000 


viec trong thai 
han tren, gio 

Banh rang 

True va cac chi 

1500 


16000 

32000 



tidt khac 

2500 

10000 

16000 

32000 

48000 


1.3.2. Cac thanh phan tai trong 

Cac thanh phan tai trqng tac dung len may xay dung trong trang thai lam vide cflng 
nhu trang thai khbng lam viec bao g6m luc (mbmen) dan dbng, lire c<in cbng tac trong 
may, trong luqng ban than may, tai trong gio (deft vbi may van chuyen co tb'c d0 cao 
con co luc can khbng khi khi may chuyen dbng), luc quan tinh, tai trong d0ng xudt 
hien trong cac khau lien kdt dan h6i cua co cau may. Ngoai ra, co the xuat hien nhttng 
thanh ph^n tai trong dac biet khac nhu tai trong phat sinh khi van chuyen, lap dung, 
tai trong xudt hien do bibn dang nhiet, tai trong do dbng ddt... Cac t£i trong co the tac 
dbng len may thuong xuybn hoac khbng thuang xuyen, theo quy luat hoac khbng theo 
quy luat. Tuy theo trang thai lam viec cua may cung nhu cac bai toan, cac trubmg hqrp 
tinh toan cu the' ma cac tai trong duoc kd ddn hay khbng. 

Luc (mbmen) dan dbng trong may la mbmen trbn true dbng co hoac lire tren can 
pittbng cua xilanh thuy luc, khi nen dd dan dbng bb phan cbng tac trong co cOu may 
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thuc hien chuc nang ydu clu. Dd xac dinh lire (momen) dan dOng can phai biet cac 
thanh phln lire cln cOng tac, lire quan tinh cua cac khdi lugng chuyen dOng. Luc dan 
dOng trong mQi trudng hop ludn khdng nho hern luc can cOng tac, song nd'u lire din 
dOng qua ldn se hao phi nang lugng, lire quan tinh va tai trong d0ng ldn lam tang kich 
thude may, giam tudi tho cua may, may rung... M6t sd trudng hop neu luc dan dong 
qua ldn thi cor cau may khdng thuc hidn dugc chuc nang ydu clu, vi du co cau di chuyen 
may, neu lure din tren banh xe chu dong ldn hern luc bam sd xay ra hien tugng quay 
trom tai chd va may khdng di chuydn dugc. 

Tuy tirng loai may va dilu ki6n lam viec cu th£ ma luc can cong tac trong may co 
the la trong lugng vat nang vi thiet bi mang vat (tai trong nang) ddi vdi cac loai may 
nang; luc can clt va dao dat doi vdi cac loai may lam dat; luc can do ma sat gitra cac 
bo phan co chuyen dong tuang doi vdi nhau; luc can do dd doe... Cac thanh phln luc 
can nay, tuy tirng loai may, dugc gidi thi6u trong cac tai lieu chuyen nganh va trong 
dieu kidn lam viec cu th^, luc can edng tac dugc xac dinh blng each tinh toan theo 
cong thuc hole blng thuc nghiem. 

Trong lugng ban than may la loai tai trong thudng xuyen bao gdm trong lugng cac 
chi ti£t, cum may va ket cau kirn loai. Trong lugng ban than may la mdt trong nhtrng 
thong sd quan trong dung d0 tinh on dinh may vi xac dinh cac thanh phln tai trong 
khac nhu lire can ma sat, luc can do dd ddc, luc quan tinh, tai trong ddng... Khi thiet 
k€ may mdi, ngudi ta xac dinh scr bo trong lugng cac cum may va toan bd may blng 
cac edng thuc kinh nghidm, cac bang hole dd thi cho trong cac tai lieu chuydn nganh 
hole dua vao cac loai may tuerng tu co sin. Trong bude tinh chinh xac cln tidn hlnh 
tinh toan lai trong lugng may d^ so sanh vdi gia tri trong lugng chon so b0 va dieu 
chinh cho dung. Trong tinh toan ben cac chi tiet may, ngudi ta thudng bo qua trong 
lugng ban than cua no (trir m0t s 6 trudng hgp co trong lugng ldn). 

Ddi vdi cac may lam viec ngoai trdi, die biet la nhOng may co kich thude ldn nhu 
cln true, may khoan, may ddng coc..., can phai tinh den tai trong gio. Tai trong gio 
thay ddi m0t each nglu nhien, tri s0 phu thu0c vao thdi tiet, khi hau cua tung vung. 

Tai trong gio dugc coi la tac dung theo phuomg ngang va dugc tinh theo edng thuc: 

W g = q.n.c.(3.A ; N 

Trong dd: 

q = v 2 /1,6 - ap luc gio d d0 cao dudi 10 m; N/m 2 . Ap lire gio phu thu0c vlo tung 
trudng hgp tinh toan: ap luc gio trung binh d trang thai lam vide q ( = 150 N/m"; ap luc 

'j 

gio ldn nhat d trang thai lam vide q n = 250 N/m - ; ap lire gio d trang thai khdng lam 
vide q IM dugc tinh theo tdc dd gio ldn nhat tai vung dlt may tren ban dd chia vung gib. 
Ddi vdi may 11m viec tai bd'n cang, trdn song, bi^n co thd lay qi = 250 N/m 2 , 
q„ = 400 N/m 2 ; 

v - tdc d0 gio, m/s; 

n - he sd kd den su tang ap luc gio theo chidu cao, dugc lay theo bang 1.2; 
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Bang 1.2. Gia tri he so n 


RSf® 

■ 

Den 

10m 

10 + 20 


■ 

■ 

■ 

■ 

mm 


n 

1,00 

1,32 

1,52 

1,7 

1,8 

1,9 

2,0 

2,12 

2,2 


c - hb sb' can khi dbng hoc: Vbi kb't cau lam tir ong c = 0,8 + 1,2; kb't c£u hpp, cabin, 
db'i trong, cap, vat nang c = 1,2; d&m be mat co ch6 I6i lbm, dan phang lam tCr thep 
goc c = 1,5 + 1,6; 

3 - he sb' dbng luc hoc ke db'n dac tinh xung dbng cua t&i trong gio, thubng la'y ho£c 
tinh toan theo loai may trong cac tai libu chuybn nganh; 

A = A n .(p - di£n tich chan gib tinh toan cua kb't cau chiu tai trong gib, m 2 ; 

A n - dibn tich be mat chan gib dupe gibi han bbi dubng bien ngoai cua ket cau, m 2 ; 

(p - he sb' kb den ph&n 16 hb’ng: Vai kb't c^u dan <p = 0,2 + 0,4; voi cac co cau may 
(p = 0,8 + 1,0; vai ket cau co thanh kin, db'i trong (p = 1,0. 

Tai trong gib trung binh a trang thai lam vibe ung vbi qj dung db tinh toan cac chi 
tibt may theo dp ben moi va chon dbng ca. T&i trong gib lbn nhat b trang thai lam viec 
ung vbi q u dung de tinh ben cac chi tib't va kb't cau kim loai, kibm tra 6n dinh may khi 
co tai, kibm tra thai gian mb may, thbi gian phanh cac ca cS'u. Luc gib a trang thai 
khbng lam viec ung vbi q m tinh theo tb'c dp gib lbn nhat tai vung may lam vibe dung 
de tinh cac thib't bi phong gib, kibm tra cac chi tiet cua kb't cau chiu ap luc gib va kibm 
tra on dinh may trong trang thai khbng lam vibe. 

Luc quan tinh trong cac ca cau may xuat hibn trong thai ki chuybn dbng khbng 6n 
dinh: mb may, phanh, thay d6i tb'c dp. 

Luc quan tinh cua cac khoi lupng chuybn dbng tinh tib'n: 

p G v 

Pqt = m.a = — - 

g G 

Momen cua luc quan tinh cua cac khb'i lupng chuybn dbng quay trong ca c£u: 

A/r _ 

J , 

Trong db: 

m, G - khoi lupng va trong lupng cua chi tiet hoSc phan may co chuyen dbng tinh tibn; 

v - tb'c db chuyen dong tinh tib'n; 

J - momen quan tinh cua khoi lupng chi tib't ho&c phan may quay; 

m - van tb'c goc cua khoi lupng chuybn dbng quay; 

t 0 - thai gian chuyen dbng khbng dn dinh. 

Luc quan tinh li tarn cua may hoic phan may co chuyen dbng quay vong: 
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P It = m.O) 2 .R ; 

Trong dd: 

R - khoing c£ch theo phuang ngang td true quay de'n trong tarn cua khdi luang co 
chuydn d0ng quay vong. 

Luc quan tinh tidp tuyd'n trong thdi ki chuydn ddng khdng dn dinh cua khdi luemg 
co chuydn d0ng quay vdng: 



May xiy dtjng va cac ca cdu may cd the duac coi la m0t ca he gdm nhidu khdi luang 
chuydn d0ng ndi vdi nhau bang cic khau lien kdt din hdi. Dudi tac dung cua cac thanh 
phdn tki trgng, dac biet la trong thdi ki chuydn d0ng khdng dn dinh cua co cau, cac 
khdi lugng trong co he se dao d0ng va trong cac khau lien ket dan hdi se xuit hien tiki 
trong d0ng ma gia tri cua nd ddi khi ldn gap nhidu lin so vdi tai trong tinh. Gia tri va 
su bidn thien cua tai trgng d0ng phu thu0c vao dO dan hdi cua cac khau li6n ket, vao 
gia tri va su phan bd cua cac khdi luang chuydn d0ng trong cor he, vho quy luat thay 
ddi cac thanh ph«ln tai trong (luc din ddng va luc can edng tac). Trong hau hdt cac loai 
may xay dung, dac bi0t la cac loai may nang, may lam da't va gia cd ndn mong, su xuit 
hi6n dao ddng va tai trgng ddng la cd h^i cin phai nghien cuu, tinh loan triet tieu hoac 
giam anh hudng cua chung. Tuy nhien, trong mdt sd loai may xay dung nhu ban rung 
tao hinh san phlm be tdng, may sang rung, biia rung... thi dao ddng va tai trong ddng 
la m0t trong nhChig ydu td quan trong dd thuc hien chuc nang edng nghe cua may. 
Nghien cuu d0ng luc hoc may xay dung va xac dinh thanh phdn tai trgng d0ng dugre 
gidi thi0u d cac chuang 6, 7, 8, 9 va 10 cua tai lieu nhy. 


1.3.3. Che dd tai trong tinh toan 

Khi tinh toan may xay dung, dd phdi hgrp da dang cac tai trgng, ngudi ta phan bi^t 
ba trudrng hgrp tai trong tinh toan nhu sau: 

Trudng hop I: Tai trgng binh thudng d trang thai lam viec phat sinh khi may lam 
vi0c dr didu ki6n binh thudng. Tat ca cac tai trong ddu duac xac dinh vdi gia tri trung 
binh bao gdm trong luang ban than may; tai trong gio trung binh or trang thai lam viec; 
tai trong d0ng trong qua trinh md may va phanh dm diu; tai trgng do d0 doc trung binh; 
luc can edng tac trong may la'y gia tri danh dinh theo edng dung cua may nhu tai trgng 
nang danh dinh ddi vdi cac loai may nang, lire can cat va dao da't ddi vdi may lam da't 
duac tinh vdi loai da't ma may lam vi0c theo edng dung... Trong trudng hgrp nay, cac 
chi tie't trong ca cau may duac tinh theo sue ben moi (theo gidi han mdi), d0 mdn, tinh 
edng suit d0ng ca va kidm tra phat nhiet cho thie't bi di6n. Cac chi tie't khdng quay 
hoac khdng chiu ung sua't thay ddi khi quay thi cd thd tinh theo sue bdn tinh vdi he sd 
an toan bdn cao. 

Truong hqrp II: T£i trgng ldn nhat d trang thai lam viec phat sinh khi may lam viec 
d didu ki0n nang nha't, bit lgi nha't. Cac tai trgng ddu lay vdi gia tri ldn nha't khi lim 
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vi$c nhir lure can tlnh cue dai, tai trpng ddng Ian nhat xuat hidn khi md m&y-va-phanh 
dot ngdt, tai trpng gio Idn nhat d trang thai lam viec, tai trong do dd dd'c ldn nha't co 
thd. Cac tri sd' tai trpng ldn nhat trong trang thai lam vice thudng gidi han bdi nhQ-ng 
didu kidn bdn ngoai nhu sir quay tran hay trupt tran cua banh xe dan ddng, tri s 6 momen 
phanh ldn nhat, mdmen gidi han cua khdp noi... Trong trudng hop nay cac chi tid't trong 
co cau va kd't cau kim loai dupe tinh theo sue bdn tlnh. Ngoai ra trudng hop tai trpng 
n&y con dung de kiem tra kh& nang qua t&i cua ddng co, kiem tra on dinh may trong 
trang thai lam vide va dd tinh toan cac co cau va thid't bi an toan kd tren. 

Trudng hap III: Tai trpng ldn nha't trong trang thai khong lam viec cua may dat ngoai 
trbi, g6m trpng lupng ban than may, tai trpng gio ldn nhat trong trang thai khdng lam 
vide va tai trpng do do dd'c. Trudng hop nay dung de tinh toan thid't bi phong gio, kep 
ray, ki^m tra 6n dinh may trong trang thai khdng l&m vide. 

§1.4. VAT LIEU VA CAC PHUONG PHAP TINH TOAN TRONG MAY XAY DUNG 

1.4,1. Vat lidu thundng dung trong che tao may x£y dung 

a) Cac yeu cdu khi chon vat lieu 

Khi chd' tao cac chi tiet, cum chi tid't va kd't cSiu kim loai may x&y dung, vide chon 
dupe loai v$t lieu phu hop cho tung bd phan trong may khdng nhChig giam gia thanh 
san pham ma con gop ph&n lam tang dd tin cay va tudi tho cua may. Cac ydu cau chung 
kh' chon vat lieu trong chd' tao may xay dung gdm: 

■ Khi chpn vat li£u chd' tao mdt chi tid't may cu th£, ngoai vide dam bao dd b6n, dd 
cnig can thiet con can phai chu y den dac diem va dieu kien lam vide cua chi tiet may. 
v ; du: ddi vdi chi tid't may chiu tai trpng va ung sua't thay d6i trong qua trinh lam vide 
.hi phai chpn vat lidu co gidi han moi cao; chi tiet chiu ung sua't tid'p xuc ldn phai chpn 
vat lidu co tinh chiu mai mon cao... 

- Phai thoa man cac ydu cau trpng lupng, khudn khd va kich thude cua chi tid't 
may va toan may. 

- Vat lidu phai co tinh edng nghd thich ung vdi phuong phap gia edng va hinh dang 
cua chi tid't may. Vat lieu dung dd chd' tao kd't cau kim loai thudng phai co tinh han 
cao. Tuy theo phuong phap gia edng chd' tao chi tid't ma phai chpn vat lidu phu hpp vdi 
edng nghd chd' tao nhu ren, dap, due, gia edng cat got, nhiet luyen... 

- Vat lidu phai s§n co, thdng dung, dd tim va co tinh kinh td' cao, gia thanh san 
pham ha. 

b) Vdt lieu thuang dung trong che tao cac chi tiet, cum chi tiet may xay dung 

Trong che' tao may xay dung six dung rdng rai cac loai gang, thep cacbon, thep hpp 
kim, kim loai mzlu va cac loai vat lieu khac. 

Thep cacbon va gang la hai loai vat lidu phd bien nha't trong che tao may xay dung 
do chung co d0 bdn, dd cung cao va dac bidt la re tidn va dd kid'm. Dd tang co tinh cua 
vat lidu, ngudi ta ap dung cac phuong phap nhidt luydn, hoa nhidt luydn, co luydn. 
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Thep cacbon chd't lurgng thuong dirge chia ldm ba nh6m A, B, C. Thep cacbon nh6m 
A la loai thep dirge ddm bdo v& co tinh, kh6ng dam bdo v6 thdnh phdn hod hoc. Ki hieu 
cua thep cacbon nh6m A nhu sau: CtO, CtI, CrlKn, Ct2, Ci2Kn, Ct3, CT3Kn, Ct4, 
Ct5, Ct6, Ct7 (trong ki hieu Kn - chi thep s6i, khOng co ki hieu nay - chi thep ling). 
Thep cacbon nhdm B (ki hieu cua Lien X6 Id B) ddm bdo v6 thdnh phdn hoa hoc ma 
khOng ddm bao v£ co tinh n6n kh6ng dugc dung trong che' tao mdy. Th£p cacbon nhom 
C (ki hieu cua Lien X6 Id B) dam bdo cd v£ co tinh ldn thanh phdn h6a hgc. 

Thep cacbon chat lirgng cao, thuong goi la thep co khi, gom cac loai thep 20, thep 
35, thep 40, thep 45 dugc dCing ph6 bi£n dd ch£” tao cac chi tie't trong b6 truydn co khi 
nhu bdnh rang, true truydn, bu I6ng, dai 6'c... 

Trong che' tao may xdy dung dung kha phd bi£n cac loai thep hgp kim va thep ke't 
cau hgp kim thdp. Ki hieu cac loai thep nay phu thuOc vdo thanh phdn hoa hgc cua no 
voi ede chQ- sau ki hieu thep : T - mdng gan; X - cr6m; H - niken; - d6ng;... Cac chdt 
co trong thep voi ham lugng duoi 0,3% ddu kh6ng ghi vao ki hi£y thep. Thep hgp kim 
thd'p so voi thep cacbon co d6 bdn, d6 cung cao hon, tinh ch6'ng gi cao hon song nhay 
cam hon voi tap trung ung su&'t va dat ti£n hon. 

Kim loai mdu nhu d6ng, kem, chi, nhdm, thie'e cling dugc su dung trong che' tao mdy 
xdy dung va thuong dugc dung duoi dang hgp kim nhu d6ng thanh, d6ng thau, babit, 
duyara... Do cac hgp kim nay dat vd khOng sin co nen nguoi ta chi dung chung khi co 
y6u cau ddc biet nhu ke’t cau nhe, cho'ng gi, giam masat va mdi mon trong cac 6’ trugt... 
Cdc loai vat li$u thudmg dung trong che' tao ede chi tie't va cum chi tie't mdy xay dung 
cho trong bdng 1.3. 

Ngoai ra, trong che' tao may xay dung con su dung cac loai vat lieu phi kim loai nhu 
g6 phip, da, cao su, amidng, chat deo de lam bang van chuy^n, dai, giodng lam kin, ma 
phanh, dem dan h6i giam chd'n... 


Bang 1.3. Vat lieu thutrng dung trong che tao chi tiet may xay dung 


vat lieu 

BO phdn ho£c chi tie't may 

J. Thep cacbon chd't 
luerng thuong: 

6ng lot, vong dem, lat san, nip va cac chi tie't it chju lire 

CtO 

Cr3Kn 

Cdc td'm, vo, nip v6ng bi, cac dng lot va tang han, puli 

Ct3 

Tang, tay don phanh, xich hdn, moc treo thuong va cac chi tiet cua 
hOp moc treo. 

Ct4 

Dai 0'c chan trong h0p moc treo, bu Idng, vit cd'y, cac chi tiet khOng 
han nhung yeu clu d0 b£n vd d0 cung ldn hon Ct3. 

Ct5 

True co cd'u di chuy£n, nua khdp nb'i, bu 16ng chiu cat trong khop 
n5i, moay o cua tang, ray vu6ng, puli, true tang va banh xe chju tdi 
nhe. 

Ct6 

Cac chi tie't tren (d6'i voi Ct 5), then, chdt, can ddy cua phanh, banh 
tua trong thie't bj ttra quay. 
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Bang 1.3. (tidp theo) 


vat ii$u 

Bd phan hodc chi tidt may 

2. Thep cacbon chdt 
luomg cao: 

Th6p 20 

Thep 35 

Th6p 40 

Thep 45 

Thep 75 

Moc treo r6n, thanh k6o, ma cap trong thidt bj cap vat, tay d6n, khdp 
ndi, ddm ngang va cac chi tidt trong hQp m6c treo, ede chi tidt c£n 
hda cung bd mat bang phircmg phap thdm cacbon. 

True va true truy£n co cdu di chuydn, bu 16ng chiu cat trong khdp 
ndi, thanh k6o, ddm ngang, puli, moay ct cua tang chiu tai nang. 

True cua tdt ca cac ccr cdu, buldng cucmg do cao lap <5 vi tri quan 
trQng, bng lot, khdp ndi. 

Cac chi tidt nhu 6 thep 40, true tarn, banh rang, true li£n banh rang, 
banh phanh, chdt khdp ndi va phanh, u chdn, banh tua va con lan 
trong thidt bi tpa quay. 

Banh xe di chuydn trSn ray, c6 yeu ciiu nhiet luyfin dd dat dO cung 
bd m^t cao. 

3. Thep hap kim 

Thep 65r 

Thep 40X va 45X 

Th6p 50T 

Thep LUX 15 

Thep 60C2 

Banh xe di chuydn tr£n ray (nhu thdp 75), ddm v6nh, banh tua trong 
thidt bi tya quay, cac loai 16 xo it lam vi6c va khftng quan trong. 
True lam vi$c nang, true lidn banh rang, true vit, dia xich, bdnh rang, 
khdp ndi rang, ray dSn hudng. 

Cac chi tidt chiu mai mdn, dia ma sat, banh rang con, trpe lidn banh 
rang, ray cua thidt bi tua quay. 

Vanh cua thidt bi tua quay va cac vdng bi phi tidu chuln. 

Lo xo cac loai phanh va 16 xo quan trpng lam vi^c nang. 

4. Thep due 

Thep 35J1 

Thep 55J1 

Cac bide may, vo hop giam tdc, u chan, tang va moay a tang, puli, 
tay don phanh ma. 

Banh rang, banh phanh, banh tpa cua thiet bi tua quay. 

5. Gang xdm 

CM 15 - 32 

CM 18 - 36 

CM 28-48 va CM 35-56 

Puli (chidu day thanh puli dudi 15mm), ede bide mdy, vo hOp gidm 
tdc va n£p. 

Puli, tang, v6 va nap h6p gi&m tdc, bdnh phanh, dia xich. 

Puli, tang, bide may, vd vd nap h6p giam tdc co yfiu cdu do bdn cao. 

6. Hap kim nhdm 

AJ1 5 va AJl 11 

Cdc bide may, vo h6p giam tdc co d6 bdn cao, vo mdy cua paldng 
xich keo tay vd paldng diQn 

7. Hap kim ddng 

Bp. OUC 5-5-3 

Bp.OO 10-1 

Bp. AJK 9-4 va 

Bp. AXH 104-4-4J1 

Bac truot (ap luc < lOOkG/mm 2 , tdc dp trupt < 2m/s), vdnh rang cua ■ 
banh vit, banh rdng con. 

Vdnh rdng banh vit quan trQng 1dm vi$c n£ng, bac trupt (ap luc < 
200kG/mm 2 , v < 3m/s). 

Bac truot 1dm vi£c vdi tryc thep co dp cung cao, bdnh rdng con vd 
vdnh rdng bdnh vit an khdp vdi true vit da nhipt luyOn vdi dd cung cao. 


Ghi chu: Trong bang 1.3 m$t sd chi tii't co thi’ dupe chi' tao bdng nhiSu lopi vdt liiu. Tuy theo 
diiu kiin lam viic cu thi', chdt luang va diiu kiin vQt tu ma co thi' chon loai vdt liiu phu hap. 
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c) Vdt liiu dung trong chi' tao ki't cd'u kim loai mdy xdy dwig 

Ke't ca'u kim loai may xay dung, dac biet la cac loai may ldn nhu may n&ng, may 
lam da't, chie'm mOt phdn kim loai r£t ldn, kho&ng 60-80% khd'i lugng kim loai toan bO 
may. Vi the' viec chQn kim loai thlch hop cho ket c£u kim loai <l£ su dung chung m0t 
each kinh te' nha't la lit quan trQng. 

Ke't ca'u kim loai cua may xay dung g6m cac thep tlfm va thep hinh nd'i vdi nhau 
bang han hay bang bu ldng, dinh tan. Vi md'i ghep han gia edng nhanh va re ndn dugc 
dung rOng rai hon. 

Cac loai thep hinh, thep ta'm dung cho ke't ca'u kim loai cua may xay dung co th£ 
dugc che' tao bang thdp cacbon, thep ke't c£u hgp kim tha'p hoac hgp kim nhdm. 

Thep cacbon can nong chat lugng thudng nhdm A va C la loai vat lieu dugc ddng 
phd bie'n nha't d£ che' tao ke't ca'u kim loai may xay dung. Cac thanh chiu tai trong trong 
ke't ca'u kim loai may xay dung thudng dung thep Ct3, BCt 3, Cr3Kn, BCr3Kn vdi lugng 
luu huynh khdng qua 0,05%, lugng phd't pho khdng qua 0,045%; tdng lugng erdm, niken 
vh ddng khdng qua 0,6%. Dd'i vdi cac b0 ph£n phu, khdng chiu tai, san lat, lan can bao 
ve, c£u thang, cabin. .. dung thep CtO, CtI, Ct2. 

giam khd'i lugng ke't cau kim loai cua may xay dung, nha't la cac may cd trQng 
tai ldn, cac thanh chiu tai thudng dugc che' tao bang cac thep ke't ca'u hgp kim tha'p 
10XCH.H, 10XrCH,H, 15XCH.H, 09T2C, 10F2C1. So vdi thdp cacbon Ct 3 cac loai thep 
nhy co uu di£m la dd b£n cao, tlnh chd'ng an mon d ngoai trdi td't song dat, co d0 nhay 
ldn dd'i vdi su tap trung ung sua't va cac thanh d£ ma't 6n dinh. Vi vay khi dung thep 
hgp kim th£p cin ap dung nhttng bien phap ke't ca'u vh cOng ngh$ hgp 11 d€ giam he sd' 
tap trung ung sua't. 

giam khd'i lugng ke't ca'u kim loai cua may ngudi ta con dung hgp kim nhdm. So 
vdi thep cacbon, hgp kim nhdm cd khd'i lugng rieng nhd hern tCr 2,8 de'n 3 ldn; co tlnh 
kha cao, gan bang thdp Ct 3; tinh chd'ng an mon cao. Tuy nhien, hgp kim nhdm cd 
mddun dan hdi tha'p (khoang hai ldn nhd hon thep) lam tang bie'n dang dan h6i va chu 
ki dao ddng cua ke't c£u ddng thdi giam tri sd' ung su£t tdi han. Vi v^y cac thanh che' 
tao bang hgp kim nhdm can co tie't dien dang hdp hoac d'ng va d£ dam bao d0 cung 
can thie't cua ddm bang hgp kim nhdm, chi£u cao dam can la'y 20 - 30% ldn hon chi£u 
cao dam tuong ung bang thep. 

1.4.2. Phuwng phap tinh cac chi tiet va cum chi ti£t may xay dung 

Tlnh toan cac chi tie't may xay dung theo sue bln mdi va sue b£n tinh cho cac trudng 
hgp tai trong tlnh toan I, II, III neu trong muc 1.3.3 dugc xu£t phat tir phuong trinh co 
ban sau; 


ct < [ ct ] = 


^nh 


[n] 
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Trong do: 

a - ling sudt ldn nha't tac dung trong chi tidt, co tinh ddn tap trung ung sua't, trang 
thai be mat, tmh cha't lap ghep, N/mm 2 ; 

[cr] - ting sua't cho phep ddi vdi chi ti€ft, N/mm 2 ; 

a nh - ung suat nguy hidm cua vat li6u, ddi vdi trang thai cang cu thd lay theo gidi 
han bdn a b , gidi han chiy a ch hoac gidi han moi a.,, thy theo trirdng hcrp tmh, N/mm ; 

[n] - he so an toan tha'p nhat cho phep. 

Trong may xay dung, ngudi ta thudng dung phuang phap tach thanh ph&n dd xac 
dinh cac ung sua't cho phep, trong do he sd an toan [n] duac xac dinh tuy thudc v&o 
muc dd quan trong cua chi tie't va chd dd lam vide cua ca cau, dac tinh t&i trong... 

Tuy nhidn, trong tung trudng hap tinh, khdng phai bao gid edng thuc tinh cflng co 
dang nhu phuang trinh ca ban neu tren. Dudi day neu mot so cong thuc thudng dung 
trong tinh toan chi tidt may xay dung theo sue bdn tinh va sue bdn moi. 

a) Tinh theo sue bin tinh 

Phep tinh chi tidt may xay dung theo sue ben tinh dupe ap dung cho trudng hap tinh 
II va III, khi cac thanh phdn tai trong tac dung len chi tidt dat gia tri ldn nhat. 

- Ddi vdi vat lieu gidn lay gidi han bdn lam ung sua't nguy hidm: 


a < [a] = 


Ob_ 

[n] 


T < [t] = 


[n] 


- Ddi vdi vat lieu deo, kd ca khi chi tidt chiu tai trong tinh hoac tai trong va dap, 
lay gidi han chay lam ung suat nguy hiem: 


a < [a] = 


u ch 

[n] 


T < [T] = 


^ch 

[n] * 


- Ddi vdi trang thai cang phuc tap co tac dung ddng thdi cua ung sua't phap a va 
ung suat tidp t, co the ap dung cac thuydt bdn trong "Sue ben vat lieu". Ddi vdi chi 
tidt lam tu vat lieu gion hoac deo, vi du nhu tang cudn cap, co thd su dung thuydt bdn 
Mo. Thdng thudng ngudi ta xic dinh ung suat tuang duang ldn nhat tac dung trong chi 
tidt theo cOng thuc: 

o ul = Va 2 + 3 t 2 


Trong trudng hop khdng co sd lieu va dd tien cho phep tinh thuc td, co thd su dung 
cac quan he gan dung theo cac edng thuc kinh nghidm cho d bang 1.4 dd tinh x b , 

^ch’ ^ch”- 
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Bang 1.4. Quan he gan dung gitfa cac d5c tinh ben co* ban cua kim loai 


Dac tinh bdn 

Loai bidn 
dang 

Thdp cacbon 

Thep hap kim 

Gang 

Gibi han bdn 

Xoan 


T b = 0,6a bk 

- 

Gibi han 
chay 

Keo 

Udn 

Xo&n 

. 

o^ h * 0,53a bk 
= l-2a c k h 
x ch * 0,63 a k h 

o k b * (0,65 + 0,75) a bk 

- U CT rh 
x. h * 0,6 a k h 

- 


Keo 

<y k , « 0,36 a bk 

o_, * 0,36 a bk 

o k , » (0,35 h- 0,45) o bk 

Gibi han mdi 

Udn 

a u , ~ 0,43 a bk 

o_, « 0,43a bk 

o u , » 0,22a bu 


XoSn 

I., = 0,22 a hk 

t , * 0,22a bk 

t , » (0,75 + 0,9) cr", 


Chu thick: abk - gidi hqn bin keo; abu - gidi han bin ud'n. 
b) Tinh theo sue ben moi 
Phep tinh chi tidt may x&y dung theo 
sue bdn mdi.dugc ap dung cho truong hop 
tinh I, tai trong lam vide g&y ndn ung suat 
thay d6i theo chu ki trong chi ti€Tt. Trong 
truong hop chung, sir thay d6i ung suat 
theo chu ki trong chi tidt duoi tac dung cua 
tai trong thay ddi dugc bieu didn tren hinh 
1.2. Truong hgp a max = - a min la truong 
hgp ung suat thay d6i theo chu ki ddi 
xung, con khi CT mjn = 0 la truong hgp ung 
suat thay ddi theo chu ki mach dOng. 

Viec tinh toan cac chi tidt theo sure bdn 
moi thudng dugc tidn hanh theo tai trong 
tirong duong, tire la tai trong co tac dung 
pha hong chi tidt trong thbi han phuc vu. 

Tai trong tirong dirong dugc xac dinh theo c&c dd thi gia t&i co cdu theo thori gian. 
Nhtfng dd thi nay dugc xay dung tren co sd quan sat chd dd lam vide thuc td cua co 
cau. Trong truong hgp khong co dd thi gia tai thuc, co thd dung cac dd thi trung binh 
da dugc x£y dung theo kinh nghiem su dung may cho trong cac tai lidu chuydn nganh. 
Doi vdi chd do rat ning va rat nftng lidn tuc tai trong xem nhu khong thay ddi va bang 
tai trong danh dinh cua may. 

Trong truong hgp tinh toan so bd chi tidt theo sue ben moi, co thd dung phuong trinh 
kiem tra ben co ban neu tren va tinh ung suat cho phep nhu sau: 



Hinh 1.2 : Ung sud't thay ddi 
theo chu ki trong chi tiet: 
max. Omin - ung sud't Ian nhd't, nhd nhd't; 
at - ung sud't trung binh; a a - bidn dd 
ung sud't trong chu ki. 
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- Trudng hop ung sua't thay d6 i theo chu ki dd'i xung (a max = - a min ): 


[a] 


q-i 

[n].k, ’ 


[t] 

- Trirdng hap ung sua't thay d6i theo 

[a] 


= T.) 

" [n].k 2 ‘ 

chu ki mach dOng (a min 
= l,4.g-! 

[n].k, ; 


= 0 ): 


[x] 


1.4.T-, 
[n].k 2 ’ 


Trong do: 

a.,, x., - gidi han mbi cQa vat lieu, cb the tinh g£n dung nhir trong bang 1.4; 


k|, k 2 - he s6 tinh den tap trung ung sua't va cac nhan t&' khac anh hudng de'n sue 
bdn mbi cua chi tiet, gia tri cua chung co the’ lay theo bang 1.5. 

[n] - he s 6 an toan cho phep, each tinh [n] cho trudng hop nay vk cho trudng hgp 
tinh theo sue bdn tinh dugc trinh bay d muc sau. 


Bang 1.5. He so kj, k 2 dung trong phep tinh so* bo theo sire b£n moi 


Dae di£m chi tiet 

k, va k 2 

Chi tiet bang thep, b£ mat co gia cbng 

1,3 * 1,6 

Chi tie't bang thep, b£ mat khong gia cbng 

1,6 - 5 - 2,0 

True, ngbng true: 


- O chb se dat then hoac co goc lugn 

2,0 - 2,8 

- & ch5 cat ren, khi chiu keo va chiu ubn 

3,5 - 4,5 

Banh rang: 


- Sau thuang h6a hoac tbi th^ tich rbi ram 

1,5 

- Tbi bl mat 

1,8 

- B6 mat dugc xfimentit hba (tha'm cacbon) hoac nita hba 

1,2 


Khi tinh toan chi tie't may xay dung theo sue b£n moi, he sb an toan [n] khdng xac 
dinh nhu trudng hap tinh theo sue b6n tinh va trudng hap tinh toan sa bd neu tren ma 
dugc xac dinh tu bilu db ung sua't gidi han theo cac cbng thuc sau: 


- Khi ud'n: 


n 0 = 


a -i 


• a 


a b ' e a . P 


- Khi xo£Ln: 


n x = 


i 


x’-i kt 

-. I, +-— . T a 

x b • P 
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- He sd an toan chung trong truing hap chi tie't ddng thdi chiu uon va xoSln: 

1 

- — * 

1 1 

2 2 
n CJ 

Trong do: 

a a , x a - bi6n dd ung sua't trong chi tie't; 
a t , T t - ung suat trung binh trong chi tie't: 

^max ^min ^max ^min 

/T - - • /Y - ----- 



a b , T b ' gidi han ben khi udn va khi xodn; 

k CT , k T va e CT , b t - cac he sd tap trung ung sua't va he sd kich thirac tuyet ddi, sd lieu 
cua chung co the’ lay trong cac bang tinh toan "chi tie't may"; 


P - he sd tinh den anh hudng do nhSn be mat gia cdng chi ti€ft. Vdi be mat dugc mai 
P = 0,9; gia cdng tinh p = 0,85; gia cOng thd p = 0,75; khdng gia cdng p = 0,65; 

a\|, t’.j - gidi han mdi ung vdi sd chu ki lam viec thuc te\ phu thudc vao che' dd 
lam vi$c cua chi tie't; 


a’.i = a i.k = a. 


T*.! = T.j.k = T.| . 


1 / 10 7 


J u1 


8 / 10 7 


"let 


k = 


£ / 10 


-- he s 6 thdi gian lam viec cua chi tie't; 

d 


Z t(I - sd chu ki chiu tdi turang dirang cua chi tie't; 

ct_| , T.j - gidi han mdi dai han cua vat lieu, co thd tinh gan dung theo cac cdng thuc 
d bang 1.4. 


c) He sd' an toan 

He sd an toan cho phep [n] dung cho phep tinh theo sue ben tinh va phep tinh so bO 
theo sire ben mdi dugc xac dinh b&ng tlch sd cua ba thanh phan: 

[n] = n 0 .n,.n 2 

Trong do: 

n 0 - he sd tinh de'n &nh hudng cac khuye't tat ben trong vat lieu de'n sue ben mdi cua 
chi tie't, ddi vdi vat due bang thep n 0 = 1,3; vat can hoac ren n 0 = 1,1; khi tinh theo sue 
bdn tinh thi n 0 = 1,0; 

ni - he sd an toan phu thudc vao muc dd quan trong cua chi tie't va c a cau (b&ng 1.6); 
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n 2 - he sb t£i trpng, tinh de'n che' do l&m viec cua ca cau, tai trong. quan tinh khi mb 
may v& phanh, tinh chdt tai trong... Trong b&ng 1.7 cho s6' lieu n 2 dung cho trucmg hop 
tinh toan I. Dbi vbi trubng hop tinh toan II va III thi la'y n 2 = 1,0. 

Dbi vbi cac chi tie't chiu tai trong va dap, t&i trong dbt bie'n thi co thb ldy chung 
n ( .n 2 = 1,15, khi tinh theo gibi han ch&y cua vat lieu d£o: [a] = cr ch /l,15. 


Bang 1.6. He stf an toan n, 


Loai ca ca'u 

Trubng hop tinh 

I 

II 

Ca ca'u n£ng: 

Quay tay 

DSn dOng may (lay tuy theo loai may) 

Ca cau di chuyen trSn ray 

Ca ca'u quay 

Ca ca'u thay d6i tarn vai (n3ng ha cdn) 

Cac loai ca ca'u quay tay (trir ca ca'u n3ng) 

Ca cau giam x6c 

1,2 

1,2+ 1,5 

1,2 

1,2 

L4 

1,0 

1,1 

U+ 1,3 

1,1 

1,1 

1,3 

1,0 

1,15 


Bang 1.7. He sd tai trong n 2 dung cho trubng hap tinh todn I 


Che dp lam viec cua ca ca'u 

n 2 

Quay tay 

1,0 

Che' dd nhe (Nh) 

1,0 

Che' dp trung binh (T) 

1,1 

Che' d6 n3ng (N) 

1,2 

Che dO rat n$ng (RN), rat nang lien tqc (RNL) 

1,3 


1.4.3. Phmrng phap tinh ket cau kim loai may xay dung 

Khi tinh toan ke't cdu kim loai may xay dung c&n ph^i tinh de'n tac dung cua cac 
thanh phan t&i trong len ke't cau kiril loai nhu: t&i trong thubng xuyen, t&i trong di d6ng, 
tai trong quan tinh (tai trong d0ng), t£i trong gio... Cac thanh phan t&i trong neu tren 
phd'i hop vdri nhau trong cac trang thai lam vi£c bat loi cua may duoc gpi la cac td hop 
tai trong tinh toan. Cach xac dinh cac thanh phdn tai trong va cac to hop tai trgmg tinh 
toan tuy thu6c vao loai may va diroc gibi thieu trong cac tai li$u chuyen nganh nhu 
may n&ng, may lam dat, may san xudt vat lieu xay dung va ke't cdu kim loai may 
x£y dung. 

Hien nay k£t cdu kim loai may xay dung duoc tinh toan bang nhieu phuong phap 
nhu: theo ung sudt cho phep; theo trang thai gibi han; phuong phap phdn tu hthi han. 
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Khi tinh toan ke't ca'u kim loai theo ung sua't cho phep ta dat ke't cau vao trang thai 
lam vide dudi tac dung cua tat ca cac tii trQng. Didu kien b£n trong trudng hop nay 
dirge xac dinh theo edng thuc: 

cr m ax ^ [°] 

Trong do: 

o max - irng suat ldn nhat trong kd't c£u kim loai; 

[a] - ung suat cho phep. 

Dd'i vdi vat lidu deo: 

[cr] = — 
n 

Trong do: 

cr ch “ gitfi han ch^y cua vat lidu; 

n - he s 6 an toan, phu thuQc vao chd' dd lam vide cua ket cau va trudng hop phd'i 
hop tai trong (td hop tai trong tinh toan). 

Phuong phap ung sua't cho phep co the dirge thuc hi$n theo mdt trong hai phuong 
an phd'i hop tai trong sau: 

- Kd't cau dugc tinh toan theo didu ki£n ben dudi tac dung cua cac tai trong chinh; 
cua cic tai trQng chinh va cac tai trong phu. Trong mdt s6' trudng hgp can phai kidm 
tra them theo di£u ki6n b£n moi. 

- K6t cau dugc tinh toan theo di£u ki£n b£n moi dudi tac dung cua tai trong tirong 
duong (trudng hgp tai trong I) va theo dieu kien ben dudi tac dung cua tai trong ldn 
nhat trong trang thai lam vide (trudng hgp tai trong II). Mdt sd' may lam vi$c ngoai trdi 
can phai ki^m tra ben dudi tac dung cua tai trong ldn nhat trong trang thai khdng lam 
vide (trudng hgp tai trong III). 

Phuong phap tinh theo ung sua't cho phep co nhugc di£m co ban la khdng xet de'n 
bid'n dang d£o co th£ co d ke't ca'u va coi kd't cau hoan toan mat kha nang chiu tai khi 
chi co mdt di£m cua ke't cau d trang thai nguy hiem. Trong khi do vat lieu dung trong 
ke't ca'u kim loai chu ye'u la vat lieu deo ndn trong nhidu trudng hgp, tuy cac di£m trdn 
mdt hay nhidu mat cat da dd'n gidi han ch4y song ke't c£u vln con kha nang chiu tai. 
Do do tinh toan theo ung suat cho phep thudng khdng dugc tid't kidm va khdng cho sue 
b£n d£u gitfa cac bd phan cua ke't cau. 

Phuong phap tinh theo trang thai gidi han hay tai trong pha hoai co xet de'n su lam 
vide thuc te' cua vat li£u d ngoai gidi han dan h6i, ke't cau kim loai khdng dat trong 
trang thai lam vide ma dat trong trang thai gidi han, tuc la trong trang thai ke't ca'u ma't 
kha n3ng chiu tai, khdng thl lam vide binh thudng dugc ntfa, hoac co bid'n dang qua 
muc, hoac do phat sinh cac vd't nut. Do do tinh toan theo phuong phap nay tiet kidm 
hon phuong phap ung suat cho phep. Tuy nhidn, dd'i vdi ydu c&u cua mdt sd' kdt ca'u, 
tinh theo trang thai gidi han ddi khi dua de'n nhung bid'n dang tuong dd'i ldn, vugt qua 
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muc cho phep. Chinh vi v&y ma khi tinh theo trang thai gidi han, clln ph&i xet hai trang 
thai gidi han sau: 

+ Trang thdi gi&i han thu nhd't: Ket c£u mdt kha nSng chiu t£i nhu khdng du b£n, 
m^t dn d|nh, ke't cau bidn ddi hinh dang (bie'n dang vlnh vi5n). 

+ Trang thdi giai han thu hai: Dudi tac dung cua cac tai trong tinh hoac t&i trong 
d0ng, ke't ca'u tuy van dam bao du bdn va dn dinh song co bie'n dang hoac dao ddng 
vugt qua muc cho phep. 

Di6u kien an toan cua trang thai giai han thu nha't dugc xac dinh b&ng cdng thuc sau: 

lNi.n- 

<W = “ < m.R ; 

Trong do: 

Nj - n0i luc trong ke't ci£u dudi tac dung cua cac thanh phan tai trQng tieu chu^n trong 
nhung td hap t£i trong bdt lai nha't; 

n s - he sd vugt tSi (n 4 > 1); 

F - dac trung hinh hoc cua phdn tu cdn tinh trong ke't cau (di0n tich tie't di0n mat 
cat, hoac mdmen chdng udn); 

m < 1 - he sd dilu ki$n lam viec tinh de'n cac didu kien anh hudng x&'u de'n qua trinh 
lam vi6c cua ket cau nhu mdi trudng kh£c nghiet, che dd lam viec nang nhoc...; 

R = a ch . r\ - cudng d0 tinh toan cua vat lieu; 

a ch - giai han chay ciia vat lieu (cudng dd tieu chu£n); 

\] < i - he so ddng chat cua vat lieu, tinh de'n kha n3ng giam gidi han chay so vdi 
gia tri tieu chuim. 

Dieu kien an toan cua trang thai gidi han thu hai dugc xac dinh b&ng cdng thuc sau: 



hoac t < [t] . 

Trong do: 

HI va [f//] - gia tri tinh toan vh gia tri cho phep cua ti sd giua bie'n dang hoac chuy^n 
vi va kich thudc hinh hoc cua ket cau trong nhung td hap tai trong ba't lgi nha't; 

t va [t] - gia tri tinh toan va gia tri cho phep cua thdi gian dap tat dao ddng. 

Phep tinh chinh la phep tinh theo trang thai gidi han thu nha't con phep tinh theo 
trang thai gidi han thu hai thudng la phep tinh kiem tra. Khi tinh toan kdt cau kim loai 
theo trang thai gidi han thu nha't, cac phuang an phdi hap lai trong cGng dugc thuc hien 
tuang tu nhu khi tinh theo ung suat cho phep neu tren. 

So sanh each tinh cua hai phuang phhp ta thay phuang phap tinh theo ung suat cho 
phep chi tinh de'n mdt he sd an toan n, con phuang phap tinh theo trang thai gidi han 
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tlnh de'n ba h$ sd 13 va m. Do do phucmg phap tr^ng thai gidi han cho phep tie't ki£m 
v^t lieu hon va ke't cau co dd b£n d£u. Tuy nhien phirorng phap n&y chira dirge hoan 
chinh d<? co th£ tinh kdt cau kim loai cua tdt c& cac loai may x£y dung. Cach xac dinh 
cac he sd tren (ddi vdi ca hai phucmg phap) cho tirng trudng hop tinh cu th£ duoc gidi 
thieu trong giao trinh "Ke't cau kim loai may xay dung”. 

1.4.4. Tinh toan hieu suat trong may x&y dung 

Khi xac dinh cac t&i trgng tinh toan theo xich dOng hQc cua co cau, c&n phai tinh 
den cac tdn that ma sat trong cac kMu truy^n ddng, bang each dua vao cac tri sd hieu 
su&'t cua cac bd phan. 

Khi xac dinh t£i trong tac dung len bd truy^n, 16n true, khi chon dOng co edn xudt 
phat tdr tri sd nho nhat co the’ cua hieu suat (tdn tha't do ma sat la Ion nha't co thd), con 
khi xac dinh mdmen phanh thi nen xudt phat tu nhflng tri sd hi£u sudt ldn nha't co the. 
Trong b£ng 1.8 cho cac sd li 6 u v£ hi 6 u sudt cua cac bd phan chu ye'u cua may. 

Hieu sudt cua he tay don duoc tinh bang tich sd cua cac hieu suat cua m5i ban id. 
Hi$u sudt cua mdi bin Id xac dinh theo edng thuc: 

_ _ b.(a-rf) . 
a.(b + rf) 

Trong do: 

r - ban kinh bdn Id; 

a, b - phdn tay ddn ldn v& nhd; 

f - he sd ma sat trong d’ truot, ldy theo bang 1.9, 

Trong trudng hop dung 6 lan, co thd lay he sd ma sat nhu sau: 0 bi f = 0,005; 6 dua 
f = 0,008; 6 dfla edn f = 0 , 02 . 


Bang 1.8. Hieu suat cac bd phan cua cac co* cau may 


C£c bo ph$n 

*1 

Tang va puli cap 

6 trirot 

0.94 + 0,96 

6 lan 

0,96 - 0,98 

Cac true trung gian 

6 tarot 

0.95 - 0,97 

6 lan 

0,97 + 0,99 

BO truy£n banh rang 
tni lap cung vdi 
true, 6 

Di ha 

O trugt 

0,93 - 0,95 

6 lan 

0,95 - 0,96 

C6 vo che, bOi tran 
bang md 

6 trirot 

0.93 - 0,95 

6 lan 

0,96 + 0,98 

Trong hOp kin, co be 
ddu 

6 truot 

0,95 + 0,97 

6 lan 

0,97 + 0,98 
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Bang 1.8. (tiep) 


Cdc bd ph$n 


BO truygn banh 
rang non 

Di hd 

6 trirort 

0,92 + 0,94 

<5 Ian 


Co vo che, bOi trom 
b&ng mC 

6 trirqrt 

0.92 - 0,94 

6 lan 

0.94 - 0.96 

B 6 truygn true vit 

Vdi mOt mdi ren 


Vdi hai mdi ren 

0,75 + 0,80 

Khap rang (c 6 d£y diu bOi trom) 

0,99 

Co cdii nang 

Vdi bO truyOn 
banh rang 

6 trirort 

0,75 - 0.8 

6 lan 

0,8 4 - 0,85 

Vdi bO truyOn true vft 

0,65 + 0,70 

Ca cau di chuygn 
trgn ray 

Vdi bO truydn 
banh rang 

6 truort 

0,75 -h 0,85 

6 lan 

0,80 - 0.90 

Vdi bO truy^n true vft 

0,65 + 0,75 

Cor ca'u quay 

Vdi bO truyOn 
banh rang 

6 trugrt 

0,70 4- 0.80 

6 lan 

0,75 + 0.85 

Vdi bO truydn true vit 

0,50 4- 0,70 


Bang 1.9. H£ so ma srit cua 6 trunrt 


vat lieu 

Ma sat khd (khdng 
bCi trorn) 

Ma sat nira khd (bOi 
trom khdng ddy du) 

Ma sdt nira irdt 
(dim bdo du 
b 6 i trom) 

Thep trgn thep 

0,15 

0,10 


Thep trgn gang 

0,12 

0,08 


Thep trgn d 6 ng thanh 

0,10 * 

0,07 
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Chmrng 2 

HE THONG DAN D0NG TRONG MAY XAY DUNG 


§ 2 . 1 . KHAI NI$M VE HE THONG DAN D 0 NG TRONG MAY XAY DUNG 


He th 0 ng dan d0ng trong may xay dung bao g6m thiet bi d0ng luc, he truyen dong 
va he di£u khien di dua cac ca cau may va thie't bi c6ng tac vao hoat d6ng. 

Thi 0 t bi d0ng luc cd nhi£m vu t$o ra ccr nang tu cac ngu6n nang lugng khac nhau. 
Cac thi 0 t bi cua may vi ca cau mly thuc hiSn cac chuc nang nay la d6ng ca dien, dong 
co d0t trong, d0ng ca thuy luc, d6ng ca khi nen, tay quay, don bay, thie't bi phanh (ca, 
dien, thuy luc). 

He truyen d0ng co nhiem vu bie'n d6i ca nlng do thiet bi d6ng luc tao ra thanh nang 
lugng truydn thich hap, dieu khi^n va phan ph0i nang lugng truyen do de'n cac ca du 
va bd phan cOng tac. No cho phep bie'n d6i toe do, luc va mdmen, dbi khi bie'n ddi 
dang va quy luat chuy^n d0ng. Sd di phai dung he truyen dOng lam khau noi giCra thie't 
bi d0ng luc va b0 phan c6ng tac cua may 1 k vi nhfl-ng li do sau: 

a) Cln phan ph 0 i nang lugng tu m 0 t d0ng ca de'n nhi£u ca cau va thiet bi c6ng tac 
vdi kholng each va vi tri khac nhau tren may. 

b) Tao cho cac b0 phan edng tac co dang va quy luat chuydn d0ng khac nhau (quay, 
tinh tie'n vdi t0c d0 khong d6i hole thay ddi theo m0t quy luat nao do) trong khi d0ng 
ca thuc hien chuye’n d0ng quay d6u. Trong may xay dung, de khac phuc luc can edng 
tac co gia tri ldn, he truydn d0ng thudng dung 6 i giam t0c d0 va duang nhien luc truyen 
tu d0ng ca de'n thie't bi cOng tac tang len. 


Co ba dang truyen d0ng khac nhau: truyen d0ng ca khi (vi du cac b0 truyen banh 
rang, true vit banh vit, b0 truydn dai, xich, khdp noi v.v...), truyen d0ng dien (may phat. 


day din, d0ng ca) va truyen d6ng 
thuy luc (bam, dubng 0ng dan, d0ng 
ca thuy luc). 

Vi du hinh 2.1 trinh bay ba dang 
truyen d0ng ca ban k£ tren cho ca clu 
nlng. M6i loai co m0t dac tinh, m0t 
pham vi ung dung rieng. Cac chi tieu 
de lira chon loai he truyen d0ng la: 



- Cac thdng sd kl thult nhu edng 
suat, t0c d0, dac tinh di£u khi£n, die 
tinh d0ng luc hoc, kha nlng qua tli, 
mdi trudng, kha nang tu d0ng hoa. 


Hinh 2.1: So do he truyin dong 
Co khi; b) Dien; c) Thuy luc; M - Dong ca dien; 
Gz - Hop gidrn toe; T - Tang cud'n cap; 

DM - Dong ca diizen; G - May phat diin. 
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- Cac chi tifeu vl kinh t0 nhu: khdi lugng, gia thanh, chi phi san xuat, <36 tin c&y, chi 
phi cho bao dudng sua chtta may. 

Truyen dong ca khi lam viac tin cay, ch&c ch£n, co cau tao don gian, kh6ng co y6u 
cau cao ve chuyen m6n trong van hanh, bao dudng, sua chtta song co nhirgc di^m la 
co khdi lugng Ion, kho thuc hi6n viac phan ph6'i nang lugng da'n noi xa ddng co dan 
d6ng. Tuy vay no van dugc sir dung r6ng rai tran may xay dung. 

Lmh vtrc ap dung chu ya'u cua truyen d0ng dian va thuy luc la tren cac may dugc 
dan dong bang d6ng co ddt trong. Do nhieu l&n bia'n ddi nang lugng nan chi phi trong 
cac dang truyen d0ng nay tang cao, hieu su&'t truyen d6ng chung giam. Uu diam cua 
cac dang truyin d6ng nay la da dang thuc hian viac phan phd'i nang lugng da'n moi vi 
tri tran may vdi kich thudc va khoi lugng nho. Co kha nang di£u khidn va di£u chinh 
chinh xac. Ngay nay truydn d6ng dian va truyen d0ng thuy luc ngay cang dugc ung 
dung r6ng rai. 

Tir cac dang truyen d6ng tren, co the chia he thdng dan d6ng tran may xay dung 
theo ba dang sau: 

7. Ddn dong chung: 

Tren may co m6t d6ng co thdng qua ha thdng truyen d0ng co khi nhu li hop, h6p 
s6', khdp nd'i, true truyen, dai, xich v.v... truyen lire cho cac co cSu c6ng tac. He thdng 
dan d6ng nay co nhugc di£m la khi dong co hong thi tat ca may phai ngimg hoat d6ng, 
hieu suat truyen d6ng cua he thdng thap. 

2. Ddn ddng rieng: 

Tren may co nhi£u dong co cung loai, thuong la d6ng co dian. M6i m0t d6ng co gift 
m0t chuc nSng c6ng tac cua may. Cach bd tri nay giam dugc he truyen d0ng giua cac 
co cau. Cac co cau lam viec d0c lap vdi nhau. Do phai dung nhi0u dong co nan ha sd 
su dung cong suat thidt bi kh6ng cao, chi phi ldn. Co th6 su dung truyen d0ng co khi 
hay thuy luc trong tung co cau. 

3. Ddn dong hdn hap: 

Tran may co nhi£u loai d0ng co khac nhau vdi cac phuong an b0 tri nhu sau: 

- M0t d0ng co chinh (d0ng co ddt trong) quay may phat dian, cung cap dian cho cac 
d0ng co rieng biet cua m6i co cau c6ng tac (truyen d0ng dian). Trong m6i co cau lai 
su dung truyen d0ng co khi. 

- M0t d0ng co didn xoay chieu quay may phat dian m0t chieu cung cap dien cho cac 
d6ng co m0t chieu cua tung co cau (truyen d0ng dien). 

- M0t d0ng co chinh (dian, d0ng co ddt trong) quay may nen khi hoSc bom thuy lire 
cung cap n&ng lugng cho cac d0ng co hoac xilanh khi nen hay thuy luc (truyen ddng 
khi nen hay thuy luc). 

Da dieu khi£n su hoat d0ng cua cac co cau va toan may, thuong su dung ha di£u 
khidn co khi, dien, dien tu, thuy luc, khi nen hoac pho'i hgp gitra chung vdi nhau. Dien 
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va di£u khiln dien dugc su diang nhi£u nha't. Khi dSn ddng bang d0ng co dd't trong thi 
thudng su dung dieu khi^n co khi va thuy luc. He thdng di£u khien tr6n may xay dung 
se dugc d£ cap ki trong chirong 5 cua cud'n sach nay. 

§2.2. THIET BI DONG LUC TRfiN MAY XAY DUNG 

Thiet bi dOng lire cua may x£y dung thudng la dOng ca dien va d0ng co dd't trong. 

2.2.1. D6ng cry dien 

So vdi cac loai d0ng co khac, d6ng co di^n co uu di£m la hieu suat cao (tdi 80%), 
gQn nhe, chiu vugt tai tuong dd'i td't, thay ddi chi£u quay va khdi dOng nhanh, gia thanh 
ha, lam viec tin cay, di tu d0ng hoa, di£u kien v0 sinh cOng nghiep td't, it gay 6 nhiem 
mdi trudng. Nhugc didm chinh Ik kho thay doi td'c d0 quay, phai co ngu6n va m^ng 
ludi cung cap dien. 

a) Ddc diim vd cac thdng sd' chu yS'u cua dong co 

Tuong ung vdi hai loai dong dien mdt chi£u va xoay chieu co hai nhdm chinh cua 
dOng co di£n la d0ng co mdt chi£u va d0ng co xoay chi£u. D0ng co dien xoay chi£u 
chia ra loai d6ng bd va khdng d6ng bO. Theo cau tao, dOng co khdng d6ng b0 g6m co 
hai loai: rdto 16ng s6c va rdto day cudn. 

D0ng co dien m0t chi£u chia ra ba loai: kich thich song song, kich thich n0i tie'p va 
kich thich hdn hop. 

Bang 2.1 cho cac thdng s0 cua cac loai d0ng co dung chu ye'u tren may xay dung. 
So vdi d0ng co dien m0t chi£u khi cung cOng su^t thi d0ng co dien xoay chilu co kich 
thude va trong luong nho hon, gia thanh thap, cau tao don gian va d0 tin cay cao hon 
vi vay no dugc su dung rdng rai. Nguoc lai, d0ng co dien m0t chi£u co kha nang di£u 
khi£n cao hon. 

D£ kinh te', vdi d0ng co co edng suat cang cao thi dien ap sur dung cang cao. Vi du 
d0ng co co edng suat den lOOkW sir dung dien ap 380V, tu lOOkW de'n 500kW dung 
dien ap 660V, t£r 500kW den lOOOkW dung dien ap 6kV, con Ion hon lOOOkW dung 
den lOkV. 

De tien lgi cho viec bd tri va cd' dinh d0ng co tren be may, ngudi ta che' tao dong 
co cd dang nhu d hinh 2.2. D0ng co dien thudng cd hai d&u true, cd vo bao ve che chan 
nude va vat la lot vao phia trong. D0ng co dugc lam mat bang quat lap d m0t dau true 
d0ng co hoac lam mat tu nhien bang each thoat nhiet qua vo (hinh 2.3). 

D0ng co dien xoay chi£u ddng b0 cd uu dilm la hieu suat va he so' cos(p cao, td'c d0 
quay 6n dinh, he sd' qua tai ldn nhung cau tao tuong dd'i phuc tap, gia thanh cao vi phai 
cd thi0t b| phu khdi d0ng d0ng co nen thudng chi dung cho cac may cd ydu c£u td'c d0 
quay khdng d6i. 
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Bang 2.1. Cac dai lirtmg d5c trimg cua d6ng ctr dien dung tred may n&ng chuyen 
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Hinh 2.2: Car plutong an 
bo tri dong co tren be may 
a) Co dinh dong cobang chan de; b) Co dinh 
dong co bring nun bich (dong codrit ngang); 

c) Co dinh bring ca chan de va mat bich: 

d) Co dinh dong co bring men bich, dong co 
dot dung. 


0) 




rflr" 


b) 




c) - 3=3 


0 



Hinh 2.3: Dong co tu tarn mat 

a) Lam mat tic nhien. 

b) Lam mat bang quat; 


0 


0 


Dong ca dien xoay chidu khong dong bo co can tao dan gian, gia thanh re duac su 
dung rong rai tren cac may ma d do khong ddi hoi phai dieu chinh td'c dd mOt each 
chi'nh xac. Cac dong ca chuygn dung (chu yeu tren may nang, may xuc) co kha nang 
qua tai cao, momen md may ldn, lam vice dam bao trong dieu kien dong md may 
lien tuc. 

Trong qua trinh khdi d()ng, momen ciia dong ca long soc thay doi gia tri tu mbmen 
md may M m den gia tri momen danh nghla M dn (hinh 2.4). De xac dinh thdi gian khdi 
dong trong trirdng hop nay ngudi ta dung mo men md may trung binh co gia tri. 

M [b - (0,7 + 0,8) M max . 

Do dien the ciia ludi dao dong nhieu va 
co the giam con 85% gia tri danh nghia, 
ma momen ddng ca khong d6ng bo lai ti 
le vdi binh phuang dien the, nen de’ ca cau 
co the hoat dong binh thudng vdi dong ca 
long soc, momen can cua ca cau tren true 
dong ca khi md may khong dugc virgt qua 
0,85 2 M m . 

Tren ca cau nang khi ha vat, dong ca lam viec d che do phanh may phut, tren hinh 
2.4 ta thay trong khoang lam viec tir n dn ddn n \ltr toe do dong ca gan nhu khong phu 
thude tai. Vi vay toe dd ha vat vdi dong ca long soc chi ldn han toe do nang 6 + 8%. 

Dd thay doi toe dd dong ca long soc co the thay ddi tan so ludi dien. thay doi dien 
ap, thay dd'i sd' ddi cue v.v... 



Hinh 2.4: Dric tinh co cua dong co Iring soc 
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- Didu chinh td'c dd bang thay doi tan sd' ludi dien: do gia thanh thie't bi cao ndn hien 
chi ap dung or dong cor c6 cong suat < 20kW. Khoang di6u chinh td'c dd dat 1^ 0,1 
(0,025) (hinh 2.5a). 

- Thay doi toe do bang each giam dien ap vao cudn day kich thich: Td'c dd ddng bo 
0) s va he so' trupt s khdng doi, mdmen md may va mdmen max giam (hinh 2.5b). Do 
td’n tha't nhiet cao ndn phuang phap dieu khien nay khdng dupe su dung d may co edng 
suat ldn (thuc te' no chi dupe ap dung d truorng hop thay ddi each da'u sao va tarn giac). 

- Di£u chinh td'c dd bang each thay dd’i so' doi cue (hinh 2.5c) co the cho 2 de'n 4 
cap toe do (thudng gap dong co co 2 ca'p td'c do). Ngoai toe do binh thud’ng, dong co 
con co them toe do cham co gia tri bang 1/2, 1/3 hoac 1/4 toe do kia. 

De dua d0ng ca long soc vao trang thai lam viec, ngudi ta no'i true tie'p dong ccy vdi 
ludi didn. Trong trud'ng hpp nay dong dien md may ldn, gay sut ap. giam dong md 
may va mdmen md may, dau tien ngudi ta dua dien vao cudn day kich thich vdi dien 
ap nhd (da'u sao), sau khi dong co dat dupe td'c dd cao thi chuyen sang dien ap ldn (da'u 
tarn giac). Khi ay mdmen ldn nhat se giam con 1/3 so vdi gia tri dinh mure (hinh 2.6a). 

Ddng ccr khdng ddng bd kieu day cuo'n co mach phan ung dupe nd'i ngan mach vdi 
nhau ngay sau co gop hoac qua dien trd ngoai. Dudng dac tinh cua loai dong ca nay 
co the thay d6i trong khoang rdng va de thich hpp vdi ydu cau lam viec. Gia thanh 
dong ca nay thudng ldn hon 1/3 lan dong ca long soc cung loai. 

Gid'ng nhu d0ng ca long soc, dong ca day cudn co the dieu khien bang each thay 
ddi tan sd' ludi dien, dien ap cudn day kich thich. Ngoai ra con cho phep viec thuc hien 
dieu chinh toe dd bang each thay ddi didn trd trong mach phan ung. Cang tang dien 
trd trong mach phan ung, vdi cung mdmen thi td'c dd ddng ca cang giam (hinh 2.5d). 
Thay ddi td'c do bang each dung dien trd phu nd'i vao mach phdn ung nhu trdn se gay 





Hinh 2.5: Ddc tmh ca cua ddng ca xoay chiiu 
a) Dieu khien toe dd bdng thay dd’i tdn so; h) Dieu khien td'c dd hdng thay ddi diin dp; 
c) Dieu khii'n tdc do hdng thay ddi sd doi cue; d) DiSu khii'n tdc do bdng each thay doi 

diin trd phu d dong ca ddy cudn. 
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ton that nhiet trbn didn trd phu rat Idn, ngoai ra ddng ca lam vi6c bi nong. Cung bang 
each nay co the khdi ddng ddng ca day cud'n mdt each 6m han so vdi khi dung ddng 
ca 16ng soc, dong md may thap han. Viec thay doi dien tra (chuyen tir dudng dac 
tinh nay sang dirdng dac tinh khac) dirge tien hanh bang tay hoac tu ddng. Ddng ca 
duac khdi ddng d£u ti6n theo dirdng dac tinh 1 (hinh 2.6b) vdi md men ban dau 
M 2 = (1,8 -s- 2,0) M dn . Sau khi dat td'c dO ^ tuang ung vdi mfimen M, ~ 1,2 M dn , ddng 
ca duac chuyen sang dirdng dac tinh 2. Trdn dirdng dac tinh 2 ddng ca dat td'c d0 n 2 
va trdn dirdng dac tinh 3 dong ca dat td'c dd n 3 . Thai didm chuyen la luc gia tri momen 
gi5m d£'n kho^ng bang Mj. O td'c dd n 3 , tat ca cac diSn trd khdi dong s£ duac cat khdi 
mach rdto, ddng ca se hoat ddng theo dudng dac tinh tir nhien 4, dat td'c dd n g tuang 
ung momen tai bang M g (hinh 2.6). 




Hinh 2.6: Cac ditong ddc tinh mo may cua dong co ddy cuon va ISng soc. 
a) Mo may dong co Idng soc bdng each thay ddi diin dp 
b) Mfr may ddng co ddy cud'n bdng each thay ddi diin trd phu 

Nhu vay momen md may trung binh cua ddng ca day cud'n trong trudng hgp nay co 
gia tri: 

M tb = ^ (M, + M 2 ). 

Dong ca day cud'n duac dung pho bien nha't trdn can true va may xuc. 

Dong ca didn mdt chi£u duac su dung tren cac ca ca'u ddi hoi cao vd didu khidn td'c 
dd de dam b^o chuydn ddng mdt each chinh xac. Didn ap cua cac loai ddng ca nay 
thudng dung la 24, 220 (240), 600 va 1200V. Dac tinh cua ddng ca phu thude vao each 
mac cudn day kich thich. 

Dong ca mdt chidu kich thich song song co cudn kich thich da'u song song vdi mach 
phan ung. Tu trudng kich thich duac tao ra la hang sd' va td'c dd cua ddng ca gan nhu 
khong phu thude vao ddng cua mach phan ung edng nhu vao tai (xem hinh bang 2.1). 
Loai ddng ca nay thudng dung de dan ddng ca cau di chuyen va ca cau quay cOng nhu 
d ca cau nang co yeu cau dam bao td'c dd tuang dd'i on dinh. 

Ddng ca kich thich nd'i tie'p co cuon day kich thich va phan ung duac dau no'i tiS'p 
vdi nhau. Dudng dac tinh (bang 2.1) cho thay td'c do ddng ca thay ddi nhieu khi tai 
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thay dOi. Vdi tai nho, d6ng ca c6 1Oc d6 cao, do do tang duac nang suat lam viec 
cua may. 

D6ng ca kich thich h6n hap co die tinh trung gian giua kich thich ndi tiep va song 
song. No duac sir dung trong cac trudng hap co ytu cau momen khdi d6ng ldn va dac 
tinh mOm ma d do khdng the dung dong ca kich thich noi tiep. Vi du nhtfng may khi 
lam viec co luc mdmen tai co th£ gan bang khdng, khi nay d ddng ca kich thich nd'i 
tiep, td'c d6 ddng ca tang vot gap 3 -h 3,5 ldn gia tri danh nghia. 

De didu khiln ddng ca, nguai ta thudng dung cac phirang phap dieu khiln bang dien 
ap va bang dien trd. 

Dieu khi£n bang dien ap cua phdn irng bang mdt thie't bj thich hop, vi du nhu may 
phat mOt chiOu hoac Thyristor. Khoang dieu khi^n co th£ dat ldn nhat la 1: 0,02, thuc 
te' chi sd dung 1: 0,5 do kha nang thoat nhiet d ddng ca tu lam mat se giam nhidu khi 
tOc dd qua tha'p. 

Di£u khi£n bang dien trd bang each dua dien trd phu vao mach phan ung se lam 
dien ap giam. Do dien trd phu lam tang muc dO sut ap nen dien ap phan irng va cirdng 
dO dong dien phu thuOc nhieu vao tai. Duong dac tinh mem han. Hieu suat gidm dang 
ke. O dien trd phu co tdn tha't nhiet ldn. 

b) Chon dong ca dien 

Loai dOng ca, cau tao, cap bao ve v.v... duac chon thich hap theo dieu kien lam viec 
thuc te'. DOng ca phai dam bcio momen quay ldn nha't du de khdi dOng ca cau vdi gia 
tOc cho trude. DOng ca khdng bi nong qua gidi han cho phep d dieu kien lam viec xau 
nhat. Cong suat dOng ca khdng dugre chon qua ldn se gay ra gia tOc md may ldn va 
khdng kinh te. 

Phan ldn ddng ca duac che' tao theo hai che' dO lam viec sau: lam viec dai han va 
lam viec ngSn han lap lai. Thdng sO ca ban dac trung cho che' dO lam viec ngdn han 
lap lai la cudng dO chay dOng ca CD%. Cac gia tri tieu chuan cua CD% quy dinh la 
15, 25, 40, 60. Thai gian chu ki lam viec cua dOng ca khdng qua 10 phut. 

Vdi ca ca'u lam viec d che' dO dai han co mdmen can tinh M t la mOt hang sO (hinh 2.7a) 
ta phai chon dong ca theo di£u kien: 

N dc >N t ; (2.1) 

Trong do cOng sua't can tinh: 

M t . n dc 

N ' = iiiir (KW) - (22) 

Trong cong thuc (2.2), M, tinh bang Nm, n de tinh bang v/ph. Khi tai trong thay dOi 
theo chu ki (hinh 2.7b) va trong mOt chu ki lam viec cua ca cau, muc dd cha't tai co 
the’ khac nhau thi muc do tieu hao nang lucmg ung vdi mdi muc tai M, trong khoang 
thdi gian tj se khac nhau va gay phat nhiet khac nhau cho dOng ca. Do vay khi tinh 
chon dOng ca lam viec d che' do dai han co muc tai thay doi theo chu ki, ngudi ta thudng 
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sir dung thong so momen tirong diromg co gia tri khong ddi trong suo't chu ki lam viec 
va tuong dircmg vdi che dO gia tai thirc te ve mat tieu hao nang lirgng va phat nhiet 
dong ca. 

Mdmen tirang dirang trong trirdng hap thai gian chu ki nho han thai gian chu ki 
cho phep: 



(2.3) 


vdi : 


U - 


K 

2 tj 
i = 1 



< 10 phut. 




Hinh 2.7: Bie'u do chat tai ddng ca dung trin may ndng chuye'n 
a) Chi' dd ddi han, tai khong ddi; b) Che do ddi han, tai thay ddi then chu ki; 
c) Ngdn han lap lai, tai thay doi trong mot chu ki. 

M m - momen tai trong thai ki md may dong ca; Mm - momen tai trong thai ki chuye'n dong 
on djnh khi nang vat: M Hi - momen tai trong thai ki chuye'n dong on dinh khi ha vat. 


Dong ca dirge chon theo cong suat tuang dirang: 


N 


tit 


M ul ■ n dc 
9550 


kW 


Cuoi cung can kiem tra kha nang qua tai cua dong ca theo cong thirc: 

maxM < (0,8 - 0,85)\j/ max .M dn ; 


(2.4) 


(2.5) 
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Trong do: 

maxM - mflmen tai Idn nhat tac dong len d^u true dong co, thirdng dirge xac dinh 
irng vdi muc tai ldn nhat; 

V|/ niax - he sd' mdmen cue dai. 

Khi co cau lam viec d ch6' dd ngdn han lap lai, cac birdc chon dOng co dirge ti£n 
hanh nhir sau: 


1) Chon ddng co can cir vao edng suat can tinh va chd' d0 lam vi6c cua co c&'u, cu 
the la cirdng dd sir dung thirc t£ CD%. Ngudi ta thirdng chon dong co co cong suat 
danh nghia ldn hon ho&c bang edng suat can tinh yeu cau. Rieng doi vdi co cau nang, 
do tai thay doi it khi dat tai dinh mire, nen co the chon x£p xi nho hon. 

Ddi vdi co c£u nang vat va nang can, cong suat ydu cdu dirge xac dinh theo edng 
thirc (2.2) va (2.4). O co c^u di chuyen va co cau quay, do thanh ph&n mdmen can ddng 
co gia tri kha ldn ndn edng suat ddng co diin dong dirge tinh theo mdmen can tinh 
va ddng: 


(M, + Md). n Jc 
9550.(0,6+0,7). M^max 


(kW); 


( 2 . 6 ) 


Trong do : M d - mdmen can dong tren true dOng co trong thdi ki md may. 

Khi cirdng dd CD% cua dong co dirge chon khac vdi CD% thirc te, co the xac dinh 
edng suat thuc quy doi ve CD% cua ddng co nhir sau: 



Trong dd : 

N cd - cong suat quy ddi ve cirdng dd CD cua ddng co; 

N x - cong suat thuc t€ irng vdi cudng dd thirc t& CD X . 

2) Kid’m tra ddng co sau khi chon so bo 

- Kid’m tra qua tai theo cong thirc (2.5). 

- Kiem tra thdi gian md may (hoac gia toe md may). Thdi gian md may dirge xac 
dinh vdi gia thiet la gia td'c md may la hang so, tri sd' lire can tinh khdng thay ddi trong 
thdi gian md may va mdmen md may lay gia tri trung binh. Cac cong thirc tinh toan 
va phuong phap kiem tra d0ng co ve mdmen md may, nham dam bao gia td'c khdi dong 
trong gidi han cho phep trinh bay trong chuong 4. 

- Kiem tra theo di£u kidn phat nhiet cua dong co. 

Birdc kidm tra nay chi ap dung cho cac co cau lam viec vdi mire tai thay ddi va cong 
suat dong co khi chon so bo d birdc 1 xap xi nho hon cong suat y6u ciiu. 

Mdmen tirong dirong(con goi la mdmen trung binh binh phirong), dirge xac dinh theo 
edng thirc: 
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M tJ - 


/Min . St m + ZMf • tj 
Pl^ + Ztj + PA 


Trong do : 


(3 - he so ke ddn sir suy giam dieu kien lam mat khi md may va phanh; p = 


( 2 . 8 ) 


Po+1 


p 0 - he sd ke den anh hirdng cua diOu ki£n lam mat: P 0 = 0,25 0,35 vdi ddng co 

d£ ha va dong ca co bo phan bao ve vdi quat gio trdn true; p 0 = 0,3 + 0,55 vdi dong 
ca de’ kin co gan thoat nhidt, thdi gio tur ngoai; p 0 = 0,7 0,98 vai ddng ca dd kin; 

M m - mdmen md may trung binh cua ddng ca; 

£t m - tong thdi gian md may ca cau vdi cac mire t&i khac nhau; 

St d - tdng thdi gian dirng may; 

Mj, tj - cac mire mdmen can tinh va thdi gian chuy^n dQng On dinh vdi cac tai nay. 

Trong phep tinh nay, cflng nhu trong tinh toan qua trinh md may ca cau noi chung, 
mdmen md may trung binh dirge lay theo (2.9): 

M m = V, b .M dn ; (2.9) 

Trong do: 

\j/ tb - hd so qua tai md may trung binh; 

M dn - mdmen danh nghia cua dOng ca. 

Cung co the dung cac gia tri mdmen md may trung binh M ni cho trong bang (2.2) 


Bang 2.2. Mdmen md may trung binh cua dong ca 


Loai ddng ca di^n 


Dong ca ba pha day cuon 

(1,5 - 1,6) M dn 

Dpng ca ba pha long soc 

(0,7 + 0,8) M m „ 

Ddng ca m6t chidu kich thich song song 

(1,7+ 1.8) M dn 

Ddng ca mdt chidu kich thich noi tiep 

(1.8 + 2,0) M dn 

Dong ca mpt chidu kich thich hdn hap 

(1,8+ 1,9) M dn 


Cong suat tirong dirang (edng suat trung binh binh phirang) trong thdi gian m0t chu 
ki, co tinh ca thdi gian md may dirge tinh theo edng thirc (2.4). Cdng suS't tuang dirang 
irng vdi cudng do tidu chuan dugc tinh theo (2.7) ph&i dam bao nho hon ho$c bang 
edng suat d0ng ca da chon sa bd d bade 1. 

2.2.2. Dong ca dot trong 

DOng ca ddt trong co nhi0m vu chuyen nang lirgng nhidt nhd ddt chay nhidn lieu 
sang ca nang. No hoat ddng khong phu thude vao nguOn cung cap nang lirgng tir bdn 
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ngoai nen 1 4 ngu6n dOng luc chu yeu cho cac loai may ho^t dOng d nhttng nod xa ludi 
di6n, co yeu cau di dOng cao va pham vi hoat dong Idn. VI du: can true tu hanh, may 
xuc, may ui, may cap, may khoan... Dong co ddt trong bao g6m hai loai: d0ng co diezen 
va dOng ca x&ng. Su khac biet giO'a hai loai d6ng co nay la ti s 6 nen e, each thuc hoa 
trdn h6n hap khi nhien lieu va each thuc danh lira. Cac thdng sd co ban cua ddng ca 
dot trong duac cho tren bang 2.3. 


Bang 2.3. Cac thong so cor ban cua d6ng cor d6't trong 


ThOng sd 

Dan vi 

Ddng ca xSng 

DOng ca diezen 

Dong ca 
- Hd sd nen 


6-5-11 

(12) 16-5-24 

- Tdc d0 quay true khuyu 

v/ph 

3500 ■+■ 8000 

1200 -5- 5000 

- Tdc do quay khi khdi dOng 

v/ph 

40-5- 80 

(60) 100 + 200 

- Hi$u suat 

- 

0,18-5- 0,33 

0,35 - 0,45 

- Muc tiOu hao nhien lieu 

g/kW.h 

315 - 550 

210 - 285 

- Nhiet d0 khi xa 

°C 

800 

550 

- Ti sd cOng sudt va khdi luang may 

kg/kW 

1,3 h- 6,0 

3,5 + 11 

Nhien lieu 
- Vung nhiet d6 sdi 

°C 

40 - 200 

170 + 350 

- Khdi luang rieng 

g/cm 3 

0,72 -5- 0,74 

0,82 + 0,84 

- Nhiet do ddng d&c 

°C 

- 30 - - 50 

- 10 + - 30 

- Chi sd Octan (ROZ) 

- Chi sd Cetan (CaZ) 


89 98 

45+60 


Qua bang chung ta thay dOng ca diezen lam viec bang nhien lieu re han, luang tiOu 
hao nhien li0u it han so vdi dong ca x&ng nen duac dung nhi^u han mac du n£ng va 
gia thanh cao han. Lmh v^rc ap dung chu yeu cua dOng ca diezen la d cac may co cOng 
suat cao va he sd sir dung trong nSm cao. 

So vdi dong ca dien thi dOng ca ddt trong co mot sd uu diem nhu khdi lirang khOng 
ldn, pham vi didu chinh tdc d0 kha rOng (2 + 2,5 lan), khOng phu thude vao \itc cap 
nang lirang tu ben ngoai. Nhirgc diem la khong thd d4o chieu quay true tidp, khOng co 
kha nang qua tai nen khOng thd khdi dOng dOng ca khi co tai. 

DOng ca ddt trong con doi hdi cao ve chat lugng nhien lieu va chi phi kl thuat cao 
cho qua trinh v&n hanh. 

De chon dong ca ddt trong cho may can can cu vao dang kdt cau, each lam mat va 
cong suat cua dOng ca. Neu tai mot chO ma su dung nhidu may ciing lam viec thi nen 
thong nhat chon mOt loai dOng ca de giam chi phi van hanh may. Cac d0ng ca ddt 
trong co cOng suat ddn 250kW thudng duac che' tao tu 4 den 12 xilanh, lam mat b&ng 
nude, mOt sd co the lam mat bang khOng khi. COng suat danh nghia cua d0ng ca duac 
xac dinh tu cOng sudt can thiet de dan d0ng cac ca cau trdn may va hieu sudt cua he 
thdng truyen dong. Khi nay can phai khang dinh su lam vi0c phdi hap gitta cac ca cdu 
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cua m&y (lam vide d6ng thdi gitfa 2 de'n 3 ca cau mOt luc) dan de'n edng suat tidu hao 
se lan han so vdi tung ca ca'u lam vide ridng le. dam bao kha nang lam viec khi 
mon, chi ndn tinh vdi sd' vong quay bang 0,7 -5“ 0,8, mdmen va edng sua't bang 0,65 
+ 0,75 gia tri Idn nhat cua d0ng ca da cho theo dudng dac tinh cua no. Khi chon dong 
ca cflng cin chu y sao cho phu hap vdi di0u kien lam viec thirc te' nhu didu kien moi 
trudng (nhiet d0, d0 am, kha nang nap khi, kha nang thoat khi thai), kha nang bd tri 
ddng ca trdn may. Can thiet ke he thd'ng san dd ddng ca phu hap, tranh rung ddng khi 
ddng ca lam vide. Co th0 dung cac ddm dan h6i bang cao su. D0 tranh gay cong hudng 
d ddng ca co td'c do cao, tan sd' dao ddng ridng cua ca he tho'ng phai nho han 1/2 tan 
so kich thich. Cac ddng ca co td'c dd tha'p thi tan sd' dao dong cua he thd'ng co the' cao 
han tan so' kich thich. 

Sau khi chon ddng ca, can thie't chon va thie't kd' he thd'ng dieu khidn, cac thiet bi 
phu nhir bd loc, thiet bi thdng khoi xa, dudng lam mat v.v... 

Trong cac may d£n ddng bang ddng ca dd't trong, bd phan truy£n ddng ca khi thudng 
kha phuc tap vi phai co du cac bO li hop, dao chi£u quay va truy£n ddng de'n tirng ca 
ca'u cua may. Di tranh tat may khi qua t£i va cai thidn dudng dac tinh ddng ca, true 
ddng ca dirge noi vai ca ca'u truyen dong thdng qua khdp nd'i thuy lire hoac bien td'c 
thuy lire. Nhd bd bien td'c thuy lire co th£ dieu chinh vd cap td'c do quay, bao vd dirge 
ddng ca khi qua tai va giam dirge tai trong ddng cho eg ca'u. 

§2.3. CAC HE TRUYEN D0NG DAC TRUNG TRONG MAY XAY DUNG 

2.3.1. He truyen ddng ca khi 

Truyen ddng ca khi thudng gap trong may xay dung dugc chia ra lam hai loai: 

- Truyen ddng ma sat true tie'p gitfa cac banh ma sat hoac gian tid'p nhd dai truyen. 

- Truyen ddng an khdp true tie'p (banh rang, banh vit) hoac gian tie'p (xich). 

He truyen ddng ca khi trong may xay dung la mdt he thd'ng bao g6m cac cap truyen 
ddng ca khi cung loai hoac khac loai dugc sap xe'p nd'i tie'p hoac song song vdi nhau 
nhkm muc dich chu ye'u la bien d6i td'c do va mdmen quay (hop giam td'c, hdp sd'), 
phan phd'i nang lugng truydn (hdp trich edng su^t) hoac dao chidu quay, thay ddi dang 
chuydn ddng (quay sang tjnh tie'n hoac ngugc lai). Truyen ddng banh rang va true vit 
banh vit dugc su dung nhieu va thudng su dung nhieu cap truyen. Phan ldn cac he 
truyen ddng nay dirge bao kin va bdi trcm td't. Mdt so' dugc tieu chuan hoa va che' tao 
hang loat nham muc dich ha gia thanh, nang cao chat lugng va dac biet tien lgi trong 
su dung. Phan dudi day chu ye'u gidi thidu cac he truyen ddng banh rang, true vit banh 
vit va h0 truyen ddng hanh tinh dung tren may xay dung vdi muc dich giam td'c dd va 
tang mdmen quay, chung dugc goi la hdp giam td'c. 

a) Hop gidm toe banh rdng thuang vd true vit banh vit 

Trong hdp giam td'c thudng su dung mdt trong ba dang truydn d0ng an khdp sau dd 
tao thanh m0t ca'p truydn d0ng: 
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- Cap truybn d0ng banh rang tru an khdrp trong, an khdp ngoai, rang thang hoac rang 
nghibng (hinh 2.8a); 

- Truyin d6ng banh rang cdn co rang thing va rang cong, ca bi6t c6 rang nghifing 
(hinh 2.8b); 

- Truy6n d6ng true vit banh vit vai mOt banh hinh tru va banh con lai cd dang 10m 
(cflng co thb ca hai dbu co dang lc5m). Hinh 2.8c la so d6 bO truydn true vit banh vit 
vdi true vit hinh tru. 

Bing 2.4 cho cac d&c dibm cua cac cap truybn d0ng noi trbn 


Bang 2.4. Die diem lam viec cua cac bo truyen an khdp true tiep 


Loai bo truydn 

Vi tri true 

Tbc do vong Ibn 
nha't m/s 

Hi£u suSt cua 
mOt cap truyOn 

Ti sb truyin cua 
mOt cap truyin 

Banh rang tru 

Song song trong 
m<>t mat ph&ng 

50 

0,93 - 0,99 

1 + 8 

Banh rang cbn 

Cat nhau trong 
mpt mat phing 

40 

0,9 - 5 - 0,98 

1 + 5 

Banh vit tryc vit 

Chbo nhau 

25 

0.5 + 0,96 



Su khac nhau gitta cac hOp giam tbc cung 
loai dirge phan bibt boi sb cap truyen, so d6 
bb tri true va db Ion. Cac thdng sb co ban cua 
hop giam tbc la ti sb truyen i, cbng suat truy6n 
N va mbmen xoin M x . Khi can ti sb truy6n 
nho (i < 8 -5- 10) thudng dung hbp giim tbc 
m0t cap db giam kich thude bao. Tuy nhibn 
hbp giam tbc hai cap vbi i = 8 4- 50 va hbp 
giam tbc true vit banh vit dirge su dung rbng 
rai hon. Khi cin ti sb truybn Ion sur dung hbp 
giam tbc ba cap. Bing 2.5 cho m0t sb dai 
lirong chinh cua cac loai hbp giam tbc. 



0 b) c) 


Hinh 2.8: Cac dang b$ truyin dn khcrp 

a) Bd truyin banh rdng tru; 

b) B$ truyin bdnh rdng non; 

c) BO truyin true vit bdnh vit. 


Bang 2.5. Cac dai luvng d3c trimg cua hop giam tbc 


Loai hbp gi^m tbc 

Cbng subt 
truybn Ion nhbt 
kW 

Ti sb 
truyin 

Ti sb giua khbi 
lupng va cbng 
subt kg/kW 

- Hbp giam tbc banh rang tru 


1 * 800 

oo 

■1- 

O 

- Hop giam tbc banh rang hanh tinh 

2000 

3-5-13 

1,0 + 0,2 

- Hbp giam tbc banh rang non 

500 

1 -5- 5 

2,5 + 0,6 

- Hbp giam tbc banh rang non - banh rang tru 

■ 

5 + 700 

2,0 + 0.5 

- Hbp giam tbc true vit - banh vit 

1 

5+50 

4,5 + 0.2 

- Hbp giam tbc true vit banh vit - banh rang tru 

100 

4 + 280 

10,0 + 4,0 
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Hop giam tOc banh rang tru co cS'u tao rat don gian, co d s0 truyen cao va it bi mai 
mon. Cac cap truyen dirge sap xOp nOi tiep nhau trong khOng gian theo ki^u nam ngang 
(hinh 2.9), ki£u thing dung (hinh 2.10) hoic nghieng. 

HOp giim tdc banh ring con banh rang tru co banh dan hinh cOn bat bude phai bo 
tri kieu true cOng x6n nen kha ning qua tai thap va khi lam vi6c gay On. 

HOp giam tOc banh vit true vit dugc cau tao tir m0t cap truyen d6ng co ti sO truyen 
Ion. No lam viec 0m nhung hieu suat thap. Khi ti sO truyen Ion co the xay ra hien tuong 
tir ham. Truong hop nay nen b6' tri kdt hop truyOn dOng true vit banh vit va truy6n dong 
banh ring tru. 

Trong thidt ke, viec chon loai vi so do nao cua h6p giam toe de su dung trude het 
ph^i xudt phat tir didu kien lam viec va yeu cdu cu thd cua tirng co cau may, su thuan 
ti0n trong vi£c bd tri cac thie't bi cua he thOng dan d6ng, dOng thoi can cu vao die diem 
kdt ciu cQng nhu uu nhuoc didm cua tirng loai, dac biet la cac thOng so co ban cua h6p 
giam toe nhu ti sd truyen i, cOng suat truyen N va mOmen xoin M x . 

Cac h6p giam tdc tieu chuln hi£n nay dugc dimg nhieu tren may xay dung o nude 
ta g6m co: 


- Hdp giam tOc banh ring tru hai cdp, 
ba cap dat nam theo tieu chu£n cua Lien 
XO cfl hoic do Trung Quoc, Viet Nam 
che' tao theo tieu chuan tuong duong hai 
loai tren. H0p giam toe dang nay pho 
bie'n la hai cap truydn vdi ti sO truyen 
tir 8 den 50, cong suit tren true quay 
nhanh (true vao) den 170 kW vdi cac 
khoang each true vao va true ra theo cac 
day sd 250, 300, 350, 400, 500, 650 va 
750 (hinh 2.9). 

- H6p giam tdc banh ring tru dat 
dung thudng dugc dung cho cac co cau 
di chuydn tr6n ray cua c£u true, c6ng 
true vdi ti sd truydn tir 10 de'n 125 va 
cong sudt cho phep tren true quay 
nhanh den 26 kW. Khoang each giira 
true vao va true ra theo day sd 280, 320, 
420, 480, 500, 630 (hinh 2.10). 

Loai hdp giam tdc dat dung co ket 
cau ldn hon vdi khoang each true theo 
day sd 350, 400, 475, 550, 600, 
750, 1000. 



Hinh 2.9: Hop giam toe kii'u banh rfing tru hai ciip 
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M6t nhirgc didm cua cac loai hGp 
giam tdc kd tr6n la khOng thay ddi dirge 
ti sd truyen. Co the khac phuc nhirgc 
diem nay nhd thay ddi ti sd truyen cua 
mOt cap truyen dOng bang each sir dung 
cac banh rang trugt hoac khdp noi, nhd 
cap truyen dOng banh ma sat hoac ndu 
co the phdi hgp vdi mOt bO bidn tdc 
thuy lire. 

Tren hinh 2.11 cho so d6 dong hoc 
cua mot sd hop giam tdc co kha nang 
thay ddi ti so' truyen. 




HOp giam tO'c vdi nhi£u tay sd, ung 

vdi mdi mOt tay sd cho mot ti sd truyen Hinh 2.10: Hdp giam td'c banh rang tru d$t dung 
dirge dung tr6n 0 tO hoac may.keo de 

dam bao lire keo can thie't ddi vdi sir thay doi mat dudng, d^m Mo cho xe may co thd 
tien hoac liii (nhd co them tay sd lui) va co the dung lau tai mOt ch6 ma khOng c^n tat 
dOng co nhd co vi tri tay sd "0". Hinh 2.1 la la so dd hOp sd 0 to vdi 3 tay sd tidn, mOt 
tay sd lui, hinh 2.1 lb la so dd hOp sd trgn may keo vdi 5 tay sd tidn va 4 tay sd lui). 



Hinh 2.11. So dd hop gidm td'c co kha ndng thay ddi ti sd' truyin 
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Viec thay doi ti so truyen trong cac hdp so thirorng dugc thtrc hien bang cac banh 
rang trugt. Hinh 2.1 lc la hOp giam toe co 2 cap ti sd truyen thay doi nhd li hgp ca khi 

va hinh 2.1 Id la 3 cap ti so truyen va thay dd’i nhd li hap ma sat. 

b) Truyin dong banh rdng hdnh tinh 

Su doi hoi ngay cang cao ve truyen ddng, dac biet la yeu cau ve dieu khie’n va dieu 
chinh da lam cho truyen ddng hanh tinh dugc su dung ngay cang nhieu tren may 
xay dung. 

Hinh 2.12 trinh bay sa do nguy6n H cua 
mot bd truyen hanh tinh. 

Khac vdi truyen dOng banh rang thuang, 
bo truyen banh rang hanh tinh gom cd banh 
rang trung tarn 3 an khdp trong, banh rang 
trung tarn 1 an khdp ngoai, can S va cac 

banh rang ve tinh 2 lap tren can S. Cac 

banh trung tarn co tarn quay cd dinh, cac 
banh ve tinh quay quanh tarn cua no va 
cung vdi tam quay quanh banh trung tarn. 

Khi banh 3 cd dinh, chuyen dong dugc 
truyen tir 1 den S hoac tir S den 1, khi can 
S cd dinh, bd truyen bien thanh bo truyen 
thudng, chuyen dong dugc truydn tu 1 den 
3 hoac tu 3 den 1. 

Khi tat ca cac khau d£u dugc tu do, h^ hanh tinh trd thanh ha vi sai. O he vi sai, tir 
mdt chuyen dong cd th£ chia thanh hai chuyen dong, hoac ngugc lai, cd the hgp hai 
chuyen ddng thanh mdt chuyen ddng, vi du tir 3 den 1 va S hoac tir 1 va S den 3 v.v... 

Uu diem chu yeu cua truyen ddng hanh tinh la cd kha nang ddng hoc rdng rai, co 
the lam viec nhu hdp giam toe vdi ti so truyen khdng doi; nhu hop sd vdi ti so truyen 
thay doi hoac nhu ca cau vi sai. Bo truyen hanh tinh con cd kich thude gon va khdi 
lirgng nho, cho ti sd truyen ldn (cd the’ den hang nghin). Nhugc diem cua truyen dong 
hanh tinh la doi hoi chd tao va lap ghep vdi d0 chinh xac cao, sd chi tiet nhi^u, kho 
lap ghep va hieu suat cua mdt sd kidu truyen dong hanh tinh kha thap. 

Trong truyen ddng hanh tinh, s£ cd 1 trong 3 khau dugc cd dinh vdi vo hop. Neu 
coi vo hdp cua he truydn ddng la khau 0, ti sd truyen cua bo truyen hanh tinh dugc 
xac dinh: 



Hinh 2.12: Sa do ngityin li 
cua b() truyin hdnh tinh 


_ n 10 _ • 

n 30 

N 1 N 

11 

(n so = 0) 

tl 

p j 3 

II 

* 

(n 30 = 0) 
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(n, 0 = 0) 


( 2 . 10 ) 


; _ n 30 _ l o 1 . 

*3s * 


Trong do: 

n s0 , n 30 , n 10 - toe do cua can S, banh 3, banh 1 so. vdi khau O; 

i {) - ti so truyen cua bo truyen khi khau S dung yen (ti so truyen bo truyen thudng). 

Hieu suat cua bd truyen hanh tinh dugc tinh tren ccr sd cua bo truyen thudng: 


Tic = TlOlo * i 0 ) • • T| d ; 


( 2 . 11 ) 


Trong do: 

r|(r| 0 , i 0 ) - hiSu suat an khdp cua bo 
truyen dirge tinh trong trirdng hap coi can 
S dirng yen. 

% , Tla - hi6u suat ke den tdn hao ma sat 
d 6 bi va tdn hao do khuay dau. 

Momen xodn dirge tinh tir phirong trinh 
can bang lire va momen tren banh ve tinh 
(hinh 2.13). Bo qua ton that do ma sat co: 


vdi 


Fj + F 3 - F s = 0 


F| 

F 3 


r -> 

— hay F, = F 3 khi r-, = r’-> 

r~, 



Hinh 2.13: Luc tren bo 
truyen hanh tinh. 


Bang 2.6 cho cac cong thuc xac dinh ti sd truyen, hieu sua't va momen tren cac true 
cua bo truyen hanh tinh khi can S co dinh. Co 4 trirdng hop xay ra tuang ung vdi cac 
banh trung tarn 1 va 3 lan lirgt la banh dan va banh bi dan, cac banh cung an khdp 
trong, ciing an kherp ngoai hay mot banh an khdp trong, mot banh an khdp ngoai. 

Bang 2.7 dan ra 8 trudng hgp truyen dong khac nhau tiremg ung khi co mOt trong 
hai banh trung tarn co dinh, cac khau con lai lan lugt la banh dan va banh bi dan. 

Khi cac banh rang trung tarn cung an khdp trong hoac an khdp ngoai thi ti sd truyen 
cua bo truyen co ban i () se la dirong con ngugc nhau se mang gia tri am. Bp truyen hanh 
tinh dirge coi la bo truyen giam toe khi co lil > 1 va la tang tdc khi lil < 1 vdi dieu kien 
ti sd truyen co ban phai thoa man li 0 l > 1. 

Cac edng thde tinh hieu suat cua bo truyen co ban Tl 0 dugc lay tircrng irng vdi trirdng 
hgp cac banh rang dirge lam cung b6 mat, khi an khdp ngoai dugc mai be mat con an 
khdp trong khdng mai be mat. 6 bd truyen vi sai, tdc dd quay cua mot true nao do deu 
co moi quan he vdi tdc do quay cua hai true con lai. 
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Bang 2.6. Bon dang truyen dong co ban cua bo truyen hanh tinh 

(khi can S dung yen) 
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Bang 2.7. Tam dang truyen dong ciia bo truyen hanh tinh 
(mot banh trung tam dung yen). 

3. Banh trung tam 3 dung yfen, ca hai banh 4. Banh trung tam 3 dung yen, m0t trong hai 
trung tam cung &n khdp trong hoSc an khdp banh trung tam an khdp trong, banh con lai an 
ngoai khup ngoai 



— — 1 

3.1. Banh d§n 1 ; khau 
bi dSn S; 

3.2. Khau d§n S; banh 
bi d£n 1; 

4.1. Banh dan I; khau 
bi dan S ; 

4.2. Khau dan S; banh 
bj dan 1; 

i„, <2 ting tdc; 
i ()1 > 2 giam to'c. 

i,„ < 2 giam tdc; 
i 0) > 2 tang tdc. 

giam to'c. 

tang tdc. 

i n, ° . ; 

n so 1 

i n| ° j j 

"so 

. n so 1 

1 - „ - 1 “ *01 
*>so 

n,o 1 ~ >oi 

n t0 ^ — *02 

23 

II 

£*• 

= l ? 

TloOoi" >) 

T1 - • 

>.)," Tlo 

>02 • *lo ~ 1 

^ ' i -1 
‘02 1 

>1o(*02 — ^) 

TJ - . 

*02 '“Ho 

M s = M, (i 01 T| o - 1) 

M M »n„ 

M, = - . 

>i»t “ % 

1 

o 

sr 

rt 

s 

II 

s 

., M > T1 " 

M! = . 

*02 “ Tlo 

M, - -M,.i m .r| 0 

>01 — >1o 

M-, — Mi.io2.rjo 

. , M s . *02 

Mj - - . 

*02 








Bang 2.7 (tiep) 


5. Banh trung tarn 1 dirng yen, ca hai banh 5. Banh trung tarn 1 dirng yen, mpt trong hai 
trung tarn ciing an khdp trong hoic 5n khdp banh trung tam an khdp trong. banh con lai an 
ngoai khap ngoai 



*0 “ 1 0 ) 


(dirang) 


n " =, -°' l5 (^ + 5: + ^ + z v 



n ,= 1 


i„ = id, (dirang) 

~°' 2 ( zT“z^ + z^~z, 


i„ = i ( »2 (am) 

= '-[ oj 5 (i + i) +o ' 2 (i-i 



i„ = i.i: (am) 


ti „ = i - [ o . 15 r 


I 


l z , + zJ + 0 , 2 ( z , zj \ 


5.1. Banh dQn 3; 
khau b| dan S; 
tang toe. 



n .o, *oi 1 


"so 

*01 

1 

n so *01 

i = 

n. M , 

*01 — ' 

n 

*1(0*01 — ^ 



*01 - I 

*V(*OI ~ 0 

n 

i 

h>l ~ * 1 , 


Mv(i„,.r| lt - 1) 

M, 


M s • *01 

's 

*01 - T l«> 


*01 — *1o 

M 

M, 

M, 


H • *lo 

' ~ 'ni-Tlo 


*01 — *lo 


5.2. Khau dan S; banh 
bj dan 3; 
giam toe. 


6.1. Banh dan 3; khau 
bj dan S; 
giam toe. 


i - 


a id i(,2 


•iso •(»; 


*02 *li 

n = - 


*02 


M = 


Mv(i„> - n,J 


M, = - 


*01 

MyT)., 


6.2. Khau dan S; banh 
bj dan 3; 


tang toe. 


l(,s 


Mel , 02 


Im 


n n ('o->-n 

*1 = - 


M, = - 


M, = 


i(>2n„ ^ 

M,. i» 2 .TL 

*02- r lo - ' * 

Ms 


M, 











Tdc dO quay tuyet doi (toe do so vdi vo hdp O) cua cac khau dirge xac dinh tCr 
phircrng trinh tinh ti so truyen ctia he gia d|nh: 

n, s fi [0 "so 

n 3s n 30 “ n so 

Trong do: 

n ls , n 3s - tdc do cua khau 1 va 3 so vdi khau S; 

n H) , n M „ n 30 - tdc do cua khau 1, khau S va 3 so vdi vo hop O. 

Tdc d6 quay cua tung khau s£ la: 

nio = i t ,-n 30 + (i - i 0 ) n so ; 

n, 0 - (1 -i„).n so 

n.w = --:- ; 

i.» 

n so = :—:— * 

I -1„ 

Bang each cho mOt trong ba toe dO quay bang khong, ta s£ co phirong trinh xac dinh 
tdc dd quay cua hai khau con lai ung vdi trudng hop bO truyen hanh tinh co hai khau 
chuyen dOng da trinh bay d tren. Tdc dO quay tuong doi giua cac khau dirge xac dinh 
tir phircrng trinh: 

nik + n kx + n xi = 0 ; 

hay. — n ix + n xk — n, x - n kx , 

Khi khau x = 0 (vo hdp) thi tdc dO tirong ddi giua hai true s£ la: 

n n - n io ' n .V) > 

nu n l() - n s0 , 

n S 3 = n s» - n .v) • 

Def tinh 6 dd can phai biet tdc dd quay cua banh rang ve tinh 2 so vdi can S. O so 
dd co hai banh rang ve tinh (2 va 2’) sS co: 

Z, Z 3 

n 2s = - (nio - n so) ■ “ = (n M nj • — 

Khi so dd co mdt banh ve tinh, co nghta la Z 2 = Z’ 2 thi: 

2i 0 

n 2s = (ni 0 -n 3() ) •-—7 • 

>0“ 1 

Do kho khan trong viec tinh hieu suat nen d bO truydn vi sai thudng bd qua tdn that 
va do dd phirong trinh can bang momen va edng suat se la: 

M | + M 3 + M s = 0 ; 

Pi + P 3 + P s = M,.n 1() + M v n, 0 + M s .n so = 0 . 

Trong thgc td, de tang ti sd truyen, thirdng ndi nhieu bO truyen hanh tinh lai vdi nhau 
tao thanh he truyen dOng hanh tinh nhidu cap. Bang 2.8 cho biet ba dang cua he truyen 
dOng hanh tinh hai cap dirge sir dung nhieu tren may xay dung. 
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6 so d6 hinh a (b&ng 2.8), cOng sua't dirge truydn \&n lirgt qua hai bd truydn. Ca hai 
bO truyen ddu c6 mdt banh trung tam 3 cO dinh. Cac thdng sO cua ha truydn hai cap 
dirge xac dinh theo turng bd truydn sau do dem nhan vdi nhau. 

1 = 1 .1 ; T| = T| . 7 ] ' 

Ha truydn ddng hai cap d hinh a (b&ng 2.8) dirge urng dung nhidu trong pa lang didn 
hoSc pa lang xich keo tay, ca cau quay v.v... 

So d6 b d bang 2.8 md ta he truydn dong hanh tinh hai cap co mdt can S c6 dinh. 
Trong trirdng hgp nay edng suat truydn dirge phan nhanh. O bd truydn thir nhat co 3 
true chuydn dOng, bd truydn thu hai co mdt khau S dirng yen. O cac ha truydn loai nay 
vdi nhidu cap truydn thi vi6c xac dinh cac thdng sd' lam viac sa ra't phirc tap. So d6 
kidu nay hay dirge dung d tdi cap vdi ha truydn ddng dirge bd' trf trong long tang. 


Bang 2.8. He truyen dong hanh tinh hai eSp 
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De tao ra he truyen co ti so truyen rat ldn, c6 the tham khao sa do c (bang 2.8). 
Trong he nay bao g6m bd truyen hanh tinh kieu 4.1 (bang 2.7) va 5.2 (bang 2.7). Hidu 
sua't cua hd truyen dong dang nay thap, can phai ti'nh toan de phong tu ham. Do co ti 
sd' truyen ldn nen no dirge dung nhidu trong ca cau quay. 

Hinh 2.14 dira ra mdt sd vi du dng dung truyen ddng hanh tinh trong may xay dung. 
H0 truyen ddng hanh tinh hai ca'p dung cho truyen dong trong ca clu nang d hinh 2.14a 
phu hap vdi sa d6 a (bang 2.8). Loai truyen dOng hanh tinh hai cap nay nhd co ti sd 
truyen ldn nhimg lai co the bd' tri rat gon nen no con dugc dung nhieu trong cac ca cau 
di chuydn xich (hinh 2.15), di chuyen tren ray, trong ca cau quay va trong may xuc 
nhidu gau kieu rdto. O cac pa lang cap hoSc xich keo tay, ndu khong can ti sd' truyen 
ldn co thd sir dung m0t cap truydn ddng hanh tinh va hai banh rang ve tinh co dudng 
kinh khac nhau (hinh 2.16) va sa d6 4 (bang 2.7). 

Hinh 2.14c cho sa dd tdi cap sir dung hai ddng ca vdi truyen ddng vi sai. Khi mdt 
trong hai ddng ca dung thi tdi van lam vide vdi tdc dd bang nira tdc do ban dau. Ti sd' 
truyen cua hai banh din trung tarn so vdi can la khac nhau (trirbng hap 4.1 va 6.1 
bang 2.7). 


n 


j. 




Li 

iJ 



re 

rr 

nj 

_ 

_1 

L o 

-- 




an 

nri l 

cj 

L^rl 

-a —j] 




Hinh 2.14: Cac vi du ve truyen dong hanh tinh tren indy xdy dung 
a) Co cd'u ndng voi he truyin ddng hanh tinh hai cap not tidp nhau; b) Toi cap v&i hd truyen 
dong hanh tinh hai cd'p phdn chia cong sud't; c) Toi to hai dong co ddn ddng voi bd truyen hanh 
tinh hop cong sudt; d) Co edit ndng nhidu tdc do vdi bp truyen hanh tinh; e) Tdi gdu ngoam hai 
ddy vdi bd truydn hanh tinh. HuM - dong co ndng; SM - dong co ddng mo gdu; 

HT - tang ndng ha gdu; ST ~ fang ddng mo gdu. 
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Cung tirtrng tu ket cau nhu tren la he 
truyen dong cua ca cau nang nhieu toe d6 
(hinh 2.14d). Ti sd' truyen giua true ddng 
ca phu va true tang ldn hern nhieu so vdi 
ti sd truyen cua true dong ccrchinh vdi true 
tang. Ca hai dong ca nay co the dong rieng 
le hoSc lam viec dong thdi cung chieu hay 
ngugc chieu nhau, nhd vay se co 4 toe do 
khac nhau. Hinh 2.14e cho so do truyen 
dong cua tdi hai tang dung cho gau ngoam 
hai day. Khi nang gau, de cap nang va cap 
dong md gau cung di len, cho ddng ca 
nang HuM lam viec thco chieu nang, tang 
nang HaT quay, dong thdi vanh rang trung 
tarn ngoai cung quay, khi nay ddng ca 
dong md gau SM khong lam viec va vi vay 
tang ddng md gau ST quay theo chieu 
ddng gau nhd can S quay. Khi ha gau, cap 
nang va cap ddng md gau cung di xuong 
nhd dong ca nang HuM quay theo chieu 
ngirqc lai (muc 6.2 being 2.7). Qua trinh 
ddng md gau co the lam viec ddc lap nhd 
chi cho dong ca ddng md gau lam vide khi 


Hinh 2.15: Hop truyen ddng 
ca can di chuyen xich vdi 
mot ho truyen true vit bank 
vit vd lu 3 truyin ddng hdnh 
linh hai cap ndi tie'p nhau. 



Hinh 2.16: Pa long xich vdi truyen d(>ng 
bank rang hdnh tinh 


dong gdu tircmg irng muc 4.1 va md gau 
irng vdi muc 4.2 bang 2.7. Khi cho hai 
dong ca cung lam viec, tang ddng md gau 
sd dung yen, hai ddng ca quay cung chieu, 


1. Xich keo; 2. Dia xich; 3. Phanh trong vdt; 

4. Dia xich keo; 5. Vanh rang co dinh; 6. Bank 
rdng ve tinh ldn; 7. Bank rang vS tinh nhd; 

8. Cdn; 9. Bdnh rdng trung turn (hdnh dan); 
JO. Xich treo tdi. 
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tdc d6 cua tdi nang sd tang g^p ddi va nd'u hai dOng ca quay ngirgc chieu, tdc dd tdi 
nang sd bang khdng nd'u nhir td'c dd cua hai ddng ca co tri s6 bang nhau. 

2.3.2. Truy4n ddng thuy Itre thuy tmh 

Trong truyOn ddng thuy luc thuy tmh, nang lugng dirge truyOn tu* bam sang ddng ca 
thuy lire nhd dong chat ldng. Hinh 2.1 cho tha'y nguydn tac ca ban cua truyOn ddng 
thuy lire thuy tmh. Thid't bi dugc dan ddng bdi mOt ddng ca tao ra chat long co ap suat 
goi la bam. Chat long dugc din qua dudng d'ng dd'n ddng ca va d day nang lugng dirge 
chuyd’n thanh ca nang cho cac b0 phan edng tac hoat ddng. Ngoai cac thid't bi chinh la 
bam, ddng ca va dirdng d'ng dan, he thd'ng truy£n dOng thuy luc con co cac thid't bi 
dieu khiOn di ddng ngat hoac dieu khien cac thdng so lam viec nhir ap luc, liru lirgng. 
Cac thiet bi diOu khien g6m co cac van ap luc, van liru lirgng, van mOt chiOu, van ddng 
ngat... Sau ciing, he thdng truydn dong thuy luc can phai co cac thiet bi nhir be chua 
dau, bd loc, cac thid't bi do, cac thiet bi lam mat hoac sirdi, binh tich ap v.v... 

TruyOn ddng thuy luc co nhieu uu di£m ndn ngay cang dugc su dung rdng rai. Cac 
uu diem chinh la co th£ tao ra va truyOn dugc luc co edng suat ldn trong khi do khOi 
lugng va kich thude dong ca lai tuang dd'i nhd; co the’ diOu chinh vd cap va dm tdc dd 
chuyd’n ddng cua bd phan edng tac trong pham vi rOng; dO bao ve khi qua tai, tuang 
do'i dl thuc hidn tu ddng hoa diOu khiOn ca c£u. MOt uu di£m noi bat nua la d6 dang 
bO tri thiet bi tren may nha co thl truydn nang lugng qua cac dudng d'ng dd'n moi vi 
tri. Nhugc di6m cua truydn ddng thuy luc la hidu suat chung cua hd thd'ng tuang dOi 
thap, ddi hdi chd' tao chinh xac va gia thanh tuang dd'i cao. Ap luc lam vide danh nghla 
cua thiet bj trong hd thd'ng truydn ddng thuy luc dung tren may xay dung la 16, (20), 
(25) va 32 MPa. Ap luc lam viec ldn nhat co the dugc trong mdt thdi gian ngan tang 
10 -s- 25% so vbi ap luc lam vide danh nghla. 

a) Bom vd dong co thuy luc 

May thuy luc (bao gdm bam va ddng ca) lam vide theo nguydn tac choan ch6. Cac 
chi tid't choan chd cung vdi chat long dac bi0t (thudng la dau thuy luc) lam tang hoac 
giam thd tich mdt each co chu ki cac khoang kin. Cac khoang nay dugc ndi vdi nhau 
bang cac dudng dng co ap va dudng d'ng ap thap (dudng h6i). Ca bam va ddng ca thuy 
lire ddu co nguydn li lam viec gid'ng nhau. 

Bang 2.9 cho bid't cac thdng sd' lam vide dac trung cua cac may thuy luc. 

Thd’ tich choan chd la m0t thdng sd dac trung cho do ldn cua may. No la thd tich li 
thuyd't cua lugng chat long dugc didn day tuang ung vdi mdt vong quay cua may. Dai 
lugng nay la hang sd' hoac co thd’ dieu chinh dugc trong mdt pham vi nao dd. 

Bam banh rang tao ra ddng cha't long co ap suat nhd hai banh rang an khdp vdi nhau, 
mdt trong chung la banh rang chu d0ng. Trong khoang hut S, cac hd'c giua cac rang 
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Bang 2.9. Cac thong so c<y ban cua may thuy lure 



56 


- Ap lye danh nghla MPa 6,3+16 (25) 10 +16 (20) 16 + 32 16 + 32(40) 

- Ap lye eye dai MPa 20 20 + 25 32 40 + 48 

- Tdc dO quay danh nghia v/ph 500 + 3500 960 + 3000 (25) (1) 960 + 3000 750 + 3000 

- Hi^u sua't eye dai - 0,8 + 0 ,91 0,8 + 0,93 0,8 + 0,92 0,8 + 0,92 





dirge didn d&y bang dau. Sau 1 vong quay thi dau tur cac hdc nay dirge diy sang ngan 
nen. Thd tich dien day d day ludn la mdt hang sd. Dd han chd' lugng tdn that ro ri edn 
phai giam khe ha gitta mat ben cua banh rang va vo bam. May thuy lire kieu banh rang 
co cau tao dan gian, gia thanh thap. Nhugc didm la lam vide 6n. Ddng ca thuy lire kidu 
banh rang co cac 6 dd la d trugt, dieu khidn cho ca hai chieu quay. 

O cac bom kieu canh quet thi cac ngan chua dugc tao ra bdi cac canh dirge bd tri 
hirdng kinh lu6n ep ldn be mat trong cua vo may nhd lire li tarn va ap lire dau. D£u 
dugc hut vao va thoat ra nhd cac ranh d mat ben phia trong vd may. Bang each thay 
doi khoang ldch tarn cua rdto co the thay ddi dugc thd tich choan ch6 eda bam. Bam 
kieu canh quet lam vide dd 6n han bam banh rang. 

May thuy lire kidu pittdng gom hai loai: hudng kinh va hudng true. 6 bom kidu 
pittdng, cac chuydn dong trugt cua cac pittdng trong xilanh dugc thuc hi$n nhd chuydn 
ddng quay cua m0t rdto. Nhd vay cac pittdng nay hut dau vao va ep dly chung vao 
dudng dng. 

Dieu chinh thd tich choan chd bang each thay ddi kho&ng ldch tarn e d may thuy lure 
kieu pittdng hudng kinh hoac thay ddi goc lech a cua dla nghidng d may thuy lire kidu 
pittdng hirdng true. 

Cac dong ca kidu pittdng hudng kinh thudng co sd vdng quay rdt thap va momen 
ldn rat thich hgp cho dan ddng true tid'p cac bd phan edng tac ma khdng c£n thdng qua 
he thdng truydn ddng ca khi. Tdc dd tha'p nha't co thd dat 1 -*■ 5 v/ph. 

b) Du&ng ddc tinh vd so dd dieu khien cua may thuy luc 

Trong qua trinh bidn ddi nang lugng, trong may thuy luc co hai lo^i tdn that: tdn 
that thd tich do ro ri va tdn that ca khi do ma sat ca hoc va ma sat thuy luc. Dai lugng 
dac trung cho cac tdn that nay la hidu suat thd tich T} v va hieu suat ca r) c . Ap suat cang 
cao thi r| v cang giam, ngugc lai t) c lai tang do mdt phdn cua tdn that nay khdng phu 
thuoc vao ap suat. 


Hidu sudt chung cua may thuy luc: 
r\o = r\ v .r\ c . (2.12) 

Hinh 2.17 md ta cac dudng dac 
tinh cua may thuy luc khi thd tich 
choan chd v, tdc dd quay n va nhiet 
dd khdng ddi. 

Cac phuong trinh bidu didn moi 
quan he gitfa cac dai lugng cua may 
thuy luc dugc cho trong bang 2.10. 



Hinh 2.17: Du&ng ddc tinh ciia may thuy luc 


57 




Bang 2.10. Cac thdng stf lam viec ciia may thuy luc 


Cac dai lugng 

Bam 

DOng ca 

- Luu lugng bam hoac lugng chat long 
tidu thu li thuydt 

Qh ~ V b .n b 

Qi, ~ Vjc.n^ 

- Luu lugng bam hoac lugng cha't long 
tieu thu thuc td 

Qb = Qft ■ *lv 

0 -2. 

Qjc nv 

- Cdng sua't thuy luc (cho hole ti£u tdn) 

Pb = Qb AP 

Pdc = Qdc-AP 

- COng sudt ca (tiOu tdn hoac cho) 

P -A 
[b " To 

= Qb • — 

n„ 

V b .n b .AP 

Pede Pdc'^lo 

= Qdc-AP.rio 

= V dc-n d c-AP.n c 

- MOmen (tiSu tdn hoac cho) 

Q b .AP 

M h = • - 

27i.n b .ri 0 

V b AP 

2n.r\ c 

Qdc-AP.T1 0 

M * = 2*.n de 

V dc .AP.ri c 

2k 

Vb.de - thd tich choan chd; AP - hi$u ap luc gitta d£u vao va ddu ra; 
nb.de - tdc d0 quay cua may thuy Igc. 


Quan he gida tdc d0 quay cua bam vh d0ng ca trong mOt he thdng truydn d0ng thuy 
lac ndu kd ddn t6n thdt thd tich sg la: 


V b 


n dc - 'Hvb • Tlvdc • v • n b • 
V dc 


(2.13) 


Qua day ta tha'y co thd didu khidn tdc d0 d0ng ca bang each thay ddi tdc d0 quay 
cua bam n b , thay ddi thd tich choan chd V b cua bam, V dc cua d0ng ca ri£ng r0 hoac 
ddng thdi m0t liic. Hinh 2.18 cho sa d6 didu khidn cua he thdng truydn d0ng thuy lure. 
Sa dd mach hd hinh 2.18a co bam 8 lam vi0c theo m0t chidu khdng ddi. Chidu chuydn 
d0ng cua d0ng ca dirge didu khidn nhd van 4. Dilu tCr d0ng ca dirge h6i trd lai bd 
chua 10. Trong sa dd mach kin (hinh 2.18b), dudng vao va duang ra cua bam va d0ng 
ca dirge ndi vdi nhau true tidp. Bam phai lam vide theo c& hai chidu. Dd bO lugng dau 
bi ro ri va lam sach dau ngirdi ta dung bam phu sd 6 dd thirdng xuySn bd sung va rtira 
can dau. Trong mach bam bd sung nay ngirdi ta b0 tri them b0 lam mat 9. Bd chtra 10 
chi c&n dung tich nho. Mach hd dirge ap dung nhidu han. 


c) Xilanh cong tdc 

M0t iru didm quan trong cua truydn d0ng thuy lire la co 2 loai d0ng ca: d0ng ca vdi 
chuydn d0ng quay trbn va d0ng ca vdi chuydn d0ng tinh tidn (xilanh c6ng tac). Xilanh 
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c6ng tac tao ra lire ldn, tdc do chuyen d0ng th&'p. Cau tao cua xilanh cCng tac bao g6m 
xilanh va pittOng chuyen dOng. Co nhi&u phirong an kdt c3lu khac nhau (hinh 2.19). 


Hi6u sua't thuy lire r\ 0 d xilanh c6ng tac do ri v « 1 n£n r\ 0 « r\ c . Lire tr6n c&n dly 
pitting (can pittdng) F d loai pittdng ngain tac ddng hai chidu dirge xac dinh theo (2.14) 


va (2.15). 

Hinh 2.18: Sa dd diiu khii'n 
cua hi thong truyin dong 
thuy lire 

a) Mach h&: 1. Ddng ca thuy 
lire; 2. Van an loan; 3. Van mdt 
chieu; 4. Van diiu khii’n chiiu 
quay cua dong ca; 5 . Van han 
chi’ dp lire; 6. Van mdt chiiu; 
7. Bo ioc duong hdi; 8. Bam; 
9. Bo loc duong hut; 10. Bi' 
chua ddu. b) Mach kin: 1. Ddng 
ca thuy lire; 2. Van han chi' dp 
luc; 3. Van mdt chiiu; 4. Van 
diiu khii'n cho mpeh bd’ sung 
ddu; 5. Van han chi' dp luc cho 
mach bd sung ddu; 6. Bam phu; 
7 . Bum chinh; 8. Bd loc; 9. Bd 
lam mdt; 10. Bi’ chua ddu. 



I 

\ 

Hinh 2.19: Xi lanh edng tac 
a) Pitting dai, tac ddng mdt chiiu; b) Pitting 
ngdn tac ding hai chiiu. cd 1 can pitting; 
c) Pitting ngdn tdc ddng hai chiiu, cd 2 can 
pitting hai phia; d) Pitting nhiiu tdng , tdc ding 
mdt chieu. 

Chieu dly ra co: 

F = F t /.T| C = (pi-Aj -p 2 .A 2 ).r| c = Aj (pi-—) t] c ; (2.14) 

Trong do: 

A, , , 

v|/ = - ti so di£n tich pittdng; 

A') 
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F t/ - luc day thuy lire; 
r| t - hidu sudt ca. 

Chidu co lai co: 

F = F,,ti c = (p 2 .A,-p,.A,).>1c = A 1 ^-p,)r 1c . (2.15) 

Ndu cho triroc lire a c£n day pittdng F, co the xac dinh dirge ap luc lam viec. 


Chidu da’y ra co 

1 

p = t; 

(£ +p * Ai ' 

F + ft . 
J A,.ri c \|/ 

Chidu co lai co 

1 / 

p = t( 

r’ + Pi-A, - ) 

Tic ) 

= A,, C + P ' V 


(2.16) 

(2.17) 


6 xilanh nhidu tdng do di£n tich mat pittdng khac nhau nen khi cung ap suat p st 
co luc trdn tay day khac nhau ung vdi tirng tang lam vide. 

Hi?u suat co cua xilanh edng tac thay ddi theo ap luc p va ke't cau cua pittdng 
(hinh 2.20). 


Ap luc lam vide va van tdc d tirng t&ng pittdng sd la: 


P. 


F 

Ai-tlc 



(2.18) 


Hinh 2.20: Higu sud't ca 
cua xilanh cong tac 
l. Xilanh nhiiu tdng; 2. Xilanh vai 
pittdng ddi; 3. Xilanh vai pittdng 
ngdn, tdc d$ng m$t chiiu dudi ra; 
4. Xilanh v&i pittdng ngdn, tdc dQng 
hai chiiu; 5. Xilanh v&i pittdng ngdn, 
tdc dQng / chiiu co vdo. 


Ti s 6 ap lire gitta cac tdng vai 




(2.19) 


Can pittdng chi chiu luc doe true, vi vay khi tinh bdn can kid’m tra On dinh khi chiu 
nen. Hinh 2.21 la dang mat dn dinh khi chiu nen cua can pittdng tuomg irng vcri cac 
each cd dinh xilanh khac nhau. 
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Hinh 2.21: Cac truang 
hap mat on dinh thuang 
gdp cua can pittong 



Coi dng xilanh la tuyet doi curng. D0 m&nh dirge tinh la: 



Trong do ; 

A - didn tich mat cat ngang; 

I - mfl men quan tinh mat cat ngang cua c£n pittdng. 

Khi X > 90 (dd minh gidi han) thi lire tdi han: 

_ 7t 2 E.I _ 7t 2 .E.A 
K “ ” >. 2 

Khi X < 90 thi luc tdi han: 

F k = A.(335 - 0,62X) ; (2.20) 

F k dirge tinh la N va A dirge tinh la mm 2 

Luc ldn nhat cho phep tac dung ldn can pittdng dirge xac dinh tir lire tdi han F K vdi 
he sd an toan K = 2. 
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Chutmg 3 

CAC CHI TlfiT VA CUM CHI TlfiT 
CO CONG DUNG CHUNG TRONG MAY XAY DUNG 


§3.1. CAP THEP VA TRUYfeN DONG CAP 

3.1.1. Cap thep 

Cap thep la chi tid't r£t quan trong, duac six dung phd bien trong may xay dung, dSc 
bidt la may n£ng va may lam di-ft co truy£n ddng cap. Cac ydu cau chung ddi vdi cap 
thep la: 

- An loan trong su dung; 

- DO mdm cao, dd udn cong, dim Mo dd nho gon cua co cdu va cua may; 

- D&m bio dd Sm diu, khdng gay On khi lam vide trong co cdu va may; 

- Trong lugng ridng nho, gia thanh tha'p; 

- Dam bao do bdn lau, thdi han su dung ldn. 

Cap thep duac bdn tu nhtfng sai thep cacbon tOt bang cac thid't bi chuydn dung. Cdc 
sai thdp nay duac chd tao bang cOng nghd keo nguOi co dudng kinh tu 0,5 ddn 2 -r 3mm 
va gidi han bdn keo tu 1400 -r 2000 N/mrn 2 . Bdn ngoai sai thep duac trang mOt lap 
kdm dd chOng gi. Can luu y rang, sir dung nhttng sai thep co gidi han bdn tinh loan 
theo keo nh6 dd bdn cap sd d^n dd'n cap co dudng kinh ldn, con dung sai thep co gidi 
han bdn tinh toan theo keo ldn thi cap sd co do cung ldn lam giam thdi han su dung 
cap. Vi vay ndn dung sai thep co gidi han bdn tinh toan theo keo tu 1600 4- 1800 N/mm 2 
dd bdn cdp. 

a) Ctiu tao cdp thep 

Phuang phap bdn cap co inh hudng ldn ddn dO cung, dd bdn va dd bdn lau cua cap. 
Theo sd lap bdn, each bdn co nhtfng loai cap thep sau: 

Cap bdn dan (hinh 3.1a) do nhidu sai thep bdn quanh mdt sai d gitfa lam ldi. Loai 
cap nay co d0 cung ldn ndn thudng dung dd treo, bude. Loai cap bdn dan co lap boc 
kin bdn ngoai co uu didm la bd mat tran, chin duac tai trong xd ngang va chdng gi tdt 
ndn duac dung lam cap treo chiu tai trong edn true cap (hinh 3.1b). 

Cap bdn kep (cap bdn hai lap) g6m cac danh la cac cap bdn dan va cac danh duac 
bdn quanh m0t ldi (hinh 3.1c). Vat lidu lam ldi cap co anh hudng den dd cung cua cap. 
Ddi vdi cap cudn ldn tang nhidu lap cap vdi dung lugng ldn, dd giSm bid'n dang cua 
cap do cac lap cap dd ldn nhau co thd dung cap ldi thep. Tuy nhidn trong trudng hap 
nay dudng kinh tang va cac puli d£n cap ra't ldn. Vdi cap lam vide trong mdi trudng 
nhidt d0 cao, ngudi ta thudng dung cap ldi amiang. Da sd cac trudng hap khac ngudi 
ta dung cap ldi day vdi uu did*m la cap co dd udn cong tdt va kha n£ng tu bdi tran tdt 
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hem. Trdn hinh 3.1c ia mat c£t cua loai cap ldi day vdi 8 va 6 danh. Thdng dung nhat 
la cap b£n kep vdi 6 danh cap. 

Cap ben ba lap g6m cac cap ben kep, dugc coi la danh, ben quanh m0t ldi mdt Idn 
ntfa (hinh 3. Id). Do co nhigu ldi ndn cap b£n ba Idp m£m han cap b$n kep song ch£ 
tao phire tap, gia thanh cao va cac sgi thep trong cap qua be d£ bj dut do mdn. Cap ben 
ba Idp thudng dugc dung trong cac thiet bj phuc vu cho edng tac lap dung can true. 
Nhin chung cap b6n kep la cap dirge su dung rbng rai nha't trong do loai cap ben kep 
loi day vdi 6 danh cap la thdng dpng han c&. 



t) 



Cap b6n xudi la cap co cac sgi thep trong danh ben cung chi£u vdi chidu ben cua 
cac danh quanh ldi (hinh 3.2b). Cac sgi thep tie'p xuc vdi nhau tuang dd'i td't nen loai 
nay tirang dd'i m6m va cd tudi tho cao song d£ bj bung ra va co xu hurdng xo3n lai, 
nhaft la khi treo vat tren mdt sgi cap. Vi \ ay cap ben xudi thudng chi dung vao vide 
nang vat theo dan hirdng trong cac lo^i thang nang, tdi keo v.v... 

Cap ben cheo la cap cd chidu ben cua cac sgi thep trong danh ngugc vdi chidu ben 
cua cac danh quanh loi (hinh 3.2a). Loai nay cd dd cung ldn, tudi tho khdng cao nhimg 
kho bi bung ra va khdng bi xo^n ndn an toan trong sir dung. Cap ben cheo dugc dung 
nhieu trong cac loai c£n true va may dao, dac bidt khi dung dd nang gdu ngo^m. 

Cap ben hdn hgp la cap ma cac sgi thep trong mdt sd' danh dugc ben xudi con trong 
cac danh khac thi ben cheo. Loai nay tuy kho chd' tao nhimg cd tru dilm cua ca 2 loai 
cap ben xudi va ben cheo. 

Cap cd tiep xuc didm la loai cd dudng kinh cac sgi thdp trong danh bang nhau, 
hai lap sgi thep cudn trong danh cd bude bdn khac nhau ndn gitta cac sgi thep cd 
tiep xuc didm vdi nhau (hinh 3.2c). Do tie'p xuc diem ndn khi cap bi udn cong, cac 
sgi thep de ldn nhau vdi ap luc ldn va gitta cac sgi thep cd ma sat lam chung chong 
men, de bi dirt. 
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Cap cd tie'p xuc dudng (hinh 3.2d) li loai cap do nhttng sgi thep co dudng kinh khac 
nhau ben thanh danh vdi cac lap b6n co budc ben bang nhau lam cac sgi k£ nhau tie'p 
xuc vdi nhau tr6n suot chi£u dai. Dudng kinh khac nhau cua cac sgi thep trong danh 
tao di£u kien cho chung xe'p diy tie't di$n cap. Loai niy khac phuc dugc nhtfng nhugc 
die’m cua loai cap co tie'p xuc di£m. Cac sgi thep nho va lan trong danh dirge sir dung 
hgp li vua dim bio do mdm cua cap vita dim bao dd b6n, db b6n lau cua cap (do tie'p 
xuc dudng ndn irng sua't tie'p xuc nhd, cac sgi thep lan phia ngoai bio ve cap dg mdn 
khi tie'p xuc vdi cac chi tie't khac nhu tang, puli, true c 6 dinh diu cap). 




Hinh 3.2: Cac logi cap thep theo each ben 

Trbn hinh 3.3 la mat cat cua mdt s 6 loai cap thdng dung nhat cua Nga vai cac ki 
hieu sau: 

TK. 6x19 + 1 o.c. - Cap co tie'p xuc di£m (TK) vai 6 danh, m6i danh 19 sgi nhu 
nhau vi m0t ldi day. 

LK- O. 6x19 + 7x7 - Cdp c6 tie'p xuc dudng (LK) vdi 6 danh, m6i danh 19 sgi co 
lap sgi thep ngoai cung nhu nhau (O). Ldi thep cua cap dugc ben tCr 7 danh, m6i danh 
7 sgi thep. 

LK-P. 6x19 + 1 o.c. - Cap cd tie'p xuc dudng vdi 6 danh, mdi danh 19 sgi co lap 
sgi thep ngoai cung khac nhau (P) va mdt ldi day. 

LK-PO. 6x36 + 1 o.c. - Cap cd tiep xuc dirdng vdi 6 danh, moi danh 36 sgi thep ket 
hgp vdi each sip xe'p P vi O. Cac danh b6n quanh mot ldi day. 

LK-Z. 6x25 4- 1 o.c. - Cap tie'p xuc dudng, 6 danh, mdi danh 25 sgi thep vi mOt ldi 
day. Cac sgi thep con vi to xen lan xe'p diy tie'p dien (Z). 

TLK-O. 6x27 + 1 o.c. - Cap cd ke't hgp ci tie'p xuc dudng vi tie'p xuc die’m vdi 6 
danh, mdi danh 27 sgi va m0t ldi day. Cac danh cd lap ngoai cung la cac sgi thep 
nhu nhau. 
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Hinh 3.3: Mot so locti cap thong dung 

b) Ung suat va cdc yeu to dull hu&ng den do ben Idu cua cap thep 

Cap do nhi£u sgi thep hgp lai tao thanh mot he sieu tinh nhi£u bac, cac sgi thep 
xoan theo mOt dubng phirc tap trong khPng gian. Vi vay trang thai cang cua no r£t phuc 
tap. Khi cap chiu tai, cac sgi thep chiu nhieu ung suat khac nhau nhu ung suat keo, 
uOn, dap, xoan, ung suat du v.v... 

Ung suat keo sinh ra khi cap chiu tai. Khi cuon len tang hoac puli, cap bibn ddi hinh 
dang va sinh ra ung suat uon. Ngoai ra ung suat u6'n xuat hien khi cap co tiep xuc diem. 
Mbt so tac gia da dua ra each tinh ung suat keo va uon song each tinh do chua chinh 
xac va it dugc ung dung trong thuc te. 

Ung suat du sinh ra trong cac sgi thep khi b$n cap. ung suat du co khi rat Ion va rat 
kho tinh chinh xac. Thuc nghiSm cho thay rang neu loai tru dugc ung suat du thi tuoi 
tho cua cap co the tang len 2 4 - 2,5 lan. Vi vay can phai lam bien dang cac sgi thep 
trudre khi ben. 

Ngoai ra con co irng suat dap do cac sgi thep tiep xuc vbi nhau va khi cap chiu tai, 
cac sgi thep de l£n nhau. ung suat nen xuat hien khi cap chiu tai va dat len ranh tang. 

Khi lam viec cap khong bi dut dot ngOt ma sau mot then gian lam viec, cap bi mon 
nhieu hay dut tung sgi thep. Vi vay do ben lau la mot chi lieu quan trong trong tinh 
toan va su dung cap. Ngucri ta lay so lan udn gidi han Z cua cap khi udn qua puli hoac 
tang mot goc 180° cho tbi khi sgi thep bi dut do moi lam chi tieu de danh gia dp ben 
lau cua cap. So lan uPn gidi han Z cua cap dugc xac dinh bang thuc nghiem theo phuemg 
phap chuan vi chua co mot phuang phap tinh toan nao k£ den anh hudng cua tat ca cac 
nhan to den do bdn lau cua cap. So lan uon gidi han Z cua cap phu thuoc vao cac yeu 
tb sau: 

Luc cang cap trong qua trinh lam viec cang ldn thi so lan uon gidi han cang nho. 
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Khi co cung sd lan udn gidi han Z, so" spi dut tr6n mdt budc ben cua loai cap bin 
xudi it han nhieu so vdi loai cap b|n cheo. Nhir v|y cap bin xuoi co dd bln lau cao 
han cap b|n cheo. Loai clp tilp xuc dirdng co sd lln udn giai han Z ldn han loai cap 
tilp xuc dilm khi sir dung vdi cung ban klnh udn cong cap cho cac loai cap cung dudng 
kinh. Dilu nay cang thi hi|n rd khi ti sd giiTa ban kinh udn cong cap va dirang kinh 
cap cang ldn. 

Spi thep co dp bln gidi han nho se chong dirt song nlu do ben gidi han qua ldn s6 
rat cung nln kha n£ng chiu moi kem. Loai cap ben tir nhttng spi thep co gidi han ben 
1800 N/mm 2 co dd bln lau cao nhlt. 

Cac dieu kiln sir dung vl b^o quan c&p la nhfrng yOu to anh hudng ldn din dd bln 
lau cua cap. 

Ban kinh udn cong cua cap dupe bilu thi bang ti sb gitfa dudng kinh tang hoac puli 
va dirang kinh cap D|/d c . SO lln uOn gidi han Z cua cap cang ldn neu ban kinh non 
cong cap cang ldn. 

So lan uOn gidi han Z cua cap giam din khi vat li|u chi tao tang va puli la g6, nhdm, 
gang, thep. Dang riinh cap cung anh lurdng din dd ben lau cua cap (ranh hinh thang, 
ranh 11 mdt cung tron, ranh la nira dudng iron cho Z tang dan). 

Dd bln lau cua cap con phu thude vao goc dm ciia cap I6n puli, tang va vao sO lln, 
chieu uon cong cua cap. Cap hi non cong theo nhilu chilu khac nhau sd sinh ra trong 
cac spi thep cac ung suit khac dlu lam t&ng qua trinh moi cua thep. Thi nghilm da cho 
thay mdt kin uon cong ngupc chieu cua cap tuang dirang vdi hai l!n udn cong cung 
chilu khi tinh so lan uon gidi han Z. Vi vay can giam sd hrpng puli dli hudng cap tdi 
muc toi thilu va iranh de cap uOn cong thco cac chieu khac nhau. Can boi tran cap 
thudng xuyen, dinh ki dl keo dai tudi tho ciia cap thep. 

Tom lai, khi tinh chon va sir dung cap can phai km y din cac phln tich kit qua thuc 
nghilm trln dl nang cao thdi han sir dung cap. 

c) Tinh chon va sit dung cap thep 

Hien nay chua co cac nghidn ciru chinh xac va day du ve trang thai ung suit cua spi 
thep trong cap cflng nhir hien tirpng moi khi cap chiu lai lau. Do dd ngudi ta khdng dua 
vao cac ung suit cua spi thep dl tinh chon cap. 

Kit qua nghien cuu cho thay hai yen tO quan trong nhlt anh hudng din dd bln va 
dd bln lau cua cap thep la lire cSng cap ldn nhlt khi lam vide va ban kinh uOn cong 
cap. Vi vay trong tinh toan ngudi ta quy dinh chon cap theo lire keo, con dd ben lau 
ciia cap dupe dam bao blng each chon h| sd an toan n va ti so giira dudng kinh tang 
ho3c puli vdi dirdng kinh cap D t /d c tiiy thude vao loai may va chi dd lam viec cua may. 

Cap thep dupe chon theo dicu kien sau: 

S m ax-n < S £t (3.1) 
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Trong do: 

S max - lire cang cap ldn nha't trong qua trinh lam vide khdng k£ dd'n cac t£i trong ddng; 

S d - t<ii trQng pha hong cap do nha chd' tao xac dinh va cho trong being cap tidu chuan 
tuy thude vao loai cap, dudng kinh cap va gidi han b£n cua vat lieu sgi thep. Thdng 
thirdng lire pha hong cap khdng vugt qua 83% t6ng lire pha hong cua tat ca cac sgi thep 
ben cdp; 

n - he sd' an toan bdn cua cap dirge tra theo tieu chuan tuy theo loai may va chd' dd 


lam viec (n lay khdng nho han gia tri trong tieu chuan). 

Dd'i vdi cac loai can true, gia tri n lay nlur sau: 

- Cap t&i dung trong d&n ddng bang tay 4 

- Cap nang v(u va edn trong d^n ddng may : 

+ Vdi chd' dd lam viec nhe 5 

+ Vdi che' dd lam vide trung binh 5,5 

+ Vdi che' dd lam vide nang va ra't nang 6 

- Cap neo can va cdt 3,5 

- Cap dung cho gau ngoam 6 

- Cap dung cho ca cau nang chd ngirdi 9 

- Cap dung trong lap dung 4 

Ban kinh ud'n cong cua cap phai thoa man di£u kidn sau: 

D > e.d c (3.2) 

Trong dd: 

d c - dirdng kinh cap, mm; 


D - dudng kinh tang va puli tinh de'n tarn ldp cap thir nha't, mm; 

e - he sd' dugc tra theo tidu chuan tuy theo dang d5n ddng, loai may va chd' dd 
lam vide. 

Dd dam bao an toan va nang cao tuoi tho cua cap thep, trong qua trinh su dung cap 
can phai tuan thu chat chd nhung quy dinh vd su dung cap trong tidu chuan 
(TCVN 5862: 1985 va TCVN 4244: 1986), trong do c<in dac bidt liru y nhdng diem sau: 

Dieu kidn dau tidn dd dam bao dd tin cay va dd an toan ciia cap thep la su dung cap 
theo diing tinh toan, thoa man cac ydu cau tinh chon cap (3.1) va (3.2) ndu trdn. C4n 
phai liru y den cac yd'u td' anh hirdng den do ben va do ben lau ciia cap khi tinh toan 
va sir dung cap. Can luu y rang dirdng kinh tang va puli cang ldn thi tudi tho cap cang 
cao song may se rat edng kdnh va mdmen trdn true tang ldn. Mdt sd' puli co goc dm 
cua cap ldn puli nho (nhir cac puli dd cap) va it lam vide (nhu puli can bang) cd the 
lay dudng kinh nho han so vdi tidu chuft’n. Trong nhung trudng hap can phai gi^m bat 
kich thude va trong lugng may, cd thd lay dudng kinh tang giam 15%, puli edn bang 
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giam 20%, puli trong paling dien, can true kieu cau va may dao giam 30% so vdi dieu 
kien tinh toan (3.2). 

Trong co cdu nang, tuyet doi khong dugc phep ndi cap de ting chieu dai. Cac chi 
tiat cd dinh dau cap tren cac true, chdt va tr£n tang phai du ben va co d0 tin cay cao, 
thoa min cac yeu cau an toan trong tiau chuln. 

Trong qua trinh su dung cap, can phai bao dudng, bdi tram va kiem tra cap thircrng 
xuyen, dinh ki theo quy djnh trong tieu chuan. 

Cap hong chu yeu do mdi, cho nen no khdng xay ra tuc thdi ma phat trien dan dan. 
Thai gian bi pha hong dai, die biet la cap lam viec trong che do lam viec nhe. Qua 
trinh pha hong cap la qua trinh dut dan tung sgi thep tCr ngoai vao trong. Do do trSn 
co so nghien cuu va kinh nghiem sir dung ma ngurai ta quy dinh so sgi thep dut cho 
phep tren chieu dai m6t buac ben, chua d£n gidi han do cap vin lam viec an toan. Sd 
sgi thep dut cho phep tren chieu dai m0t bude b6n cua mdt s 6 loai cap cho d bang 3.1. 
Khi kie’m tra cap ne'u sd sgi thep dut qua gidi han do thi phai thay cap mdi. Ne'u cap 
dugc ben tir nhung sgi thep co dudng kinh khac nhau thi sgi nho dugc tinh la 1 va sgi 
to dugc tinh la 1,7 sgi. Chieu dai mot bude ben dugc xac dinh theo quy tic: Tr6n be 
mit mOt danh cap bat ki danh diu mot diem va tCr dd dem doc theo tryc cap sd danh 
cap bing dung sd danh co tren tiet dien ngang cua cap va danh dau mot di£m nda; 
khoang each giua hai diem di danh dau chinh la chieu dai m0t bude ben cua cap. Tren 
hinh 3.2b la chieu dai m0t bude ben cua loai cap co 6 danh tren tidt dien ngang. 


Bang 3.1. Sd sgi thep dut cho phep tren mot butfc ben 


He sd an 

toan n 

Cau tao cap (sd danh x sd sgi cua mpt danh) 

■SEBQQE339I 

6 x 37 = 222, lOi day 

6x 61= 366, ldi day 

Ben xudi 

Ben cheo 

Ben xudi 

BSn cheo 

Ben xuoi 

B?n cheo 

< 6 

6 

12 

i 1 

22 

18 


6 - 7 

7 

14 

■ 

26 

19 


> 7 

8 

16 

■H 

30 

20 

40 


Ne'u ldp sgi thep ngoai cung di mon thi sd sgi thep dut cho phep lay theo bang 3.1 


nhan vdi he sd k nhu sau: 

Mon den 10% ldp sgi thep ngoai cung k = 0,85 

Mon 10 -5- 14% ldp sgi thep ngoai cung k = 0,75 

Mon 15 - 5 - 19% ldp sgi thep ngoii cung k = 0,7 

Mon 20 h- 24% ldp sgi thep ngoai cung k = 0,6 

Mon 25 -j- 30% ldp sgi thep ngoai cung k = 0,5 

Mon tr6n 30% ldp sgi thep ngoai cung - lo^i bo cap (k = 0) 


Neu cap vin con tot song bi dap hoic co m0t danh bi dut hoan toan thi cung phai 
loai bo cap. 
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d) Co dinh ddu cap 

Db dam bao an toan trong sir dung cap thep, can phai thuc hi£n tCt viec c 6 dinh dau 
cap, thba man cac y6u cau sau: chac chan, d6 tin cay cao, d£ kiem tra, dS thao lap thay 
thb, ket cau don gian, db chb tao va tai ch6 cb dinh dau cap, cap khOng bi ubn dot ngOt. 

Trong may xay dung thuong phai cb dinh dau cap tr£n cac true, chbt va cb dinh dau 
cap tren tang. 

Trfcn hinh 3.4 thb hi£n cac phuang phap co dinh dau cap voi true, chbt. Vong lot 
(hinh 3.4a) dung de d& cap khi vong qua chot dugc su dung rat phd bibn. Vong lot 
dugc chb tao bang phuomg phap ren hoac dap co ranh la mbt cung tron hoSc hinh long 
mang db d& cap. Vong lot co tac dung tranh cho cap khoi bi uon dot ngbt, giam ung 
subt tibp xuc va cap khOng bi cha 
xat l£n chbt khi lam viSc. Phuong 
phap tbt cap dugc thuc hi£n bang 
each thao bung dau cap va lu6n 
cac danh cua dau cap da thao vao 
than cap r6i dung sgi thep cuon 
ngoai mdt doan bang 20 h- 25 lan 
duong kinh cap (hinh 3.4b). 

Phircmg phap nay ton rbt nhibu 
edng va ngtroi tbt cap phai co tay 
nghb cao db dam bao tet dung 
ki thuat. 

BulOng chd U (khoa cap) dugc 
dung pho bien de kep cap. Tbm 
dfim d phia cac dai 0c co ranh 
hinh thang hoac tron db ep cap 
(hinh 3.4c). De’ giam bibn dang 
cua cap, tarn dem dugc dat vb 
phia nhanh cap lam viec con dau 
tu do cua cap dugc ep bang 
bulbng. Co thb dung bulbng 
thuong vbi hai tarn dem dai co 
ranh hinh thang de kep cap (hinh 
3.4d). Sb lugng bul5ng kep cap 
khbng it hem 3 va chon tuy theo 
duong kinh cap. Khoang each 
gitta cac buldng kep cap va chibu 
dai dau cap tu do khong nho hon 

6 lan dubng kinh cap. Hinh 3.4: Cac phuon # phap cd dinh dau cap vai true 
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Durcrng Idnh cap, mm 1 H 18 19-5- 24 25-5- 31 32-5- 34 35-5- 37 38-5- 44 

S6 bulong kep cap 3 4 5 6 7 8 

An toan nhat la each co dinh dau cap bang ong con {hinh 3.4e). Xo dau cap qua 16 
nho cua 6ng edn, thao bung dau cap va cat lei cap. be gap cac sgi thep va lau sach dau, 
rut cap cho dau cap nSm trong d'ng con r6n d6 chi vao ong con. 

Cach c6 dinh dau cap pho bien va lien lgi nhat la dung khoa chem (hinh 3.4f). Cach 
c6 dinh nay co the thao lap rat nhanh bang tay ma kh6ng can cac dung cu chuyfin mon. 
Cac chi tie't c6 djnh dau cap tr6n da dirge tieu chuan hoa. Khi dung ta co the tinh toan 
hoac chon theo dirong kinh va lire cang cap. 

Co nhieu each co dinh dau cap tren tang nhirng thbng dung nhat la dung chem, dung 
bulong va tarn dem. Tren hinh 3.5a the hien each c 6 dinh dau cap tren tang bang tarn 
dem trong long tang. Tain dem ep diiu cap len tang nho cac vit cay hoac bulong. 



Hinh 3.5: Cac phinmg phdp co dinh dau cap tren tan g 
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Thong thudng, d vi tri thap nhat cua moc treo, tren tang phai con lai it nhat i ,5 vong 
cap de giam tai trong tac dung len dau kep cap. Vay lire cling tai chd kep cap dirac tinh 
theo edng thirc Ole: 

S 

C _ ^max . 


Trong do: 

S milx - luc cing cap Idn nhat; 

f - he s 6 ma sat gitfa cap va bd mat tang, f = 0,1 -^0,12; 
a = 37i - goc om cua cap trdn tang. 

Nd'u tdng lire nen cua cac buldng xuong tam dem la P thi lire ma sat gitfa cap va 
tang, gitfa cap va ta'm dem la F = P.f. Dd tin cay cua kep cap tren tang dirac dam bao 
bang dieu kidn 2F > S|. 

Dudng kinh trong cua ren buldng d t dugc tinh theo nen va udn theo c6ng thirc sau: 


n j. 1,3.P n,.f.P. / 

CT = - + -i—— < [oj ; 

7tdT 0,1. d .Z 

— .Z 

4 


(3.3) 


Trong do: 

nj > 1,5 - he so an toan bdn cua buldng; 

Z - sd buldng kep cap; 

/ - tay don dat lire S ( gay udn buldng va dugc tinh tu diem giira doan tien ren tren 
tang den tam cap (hinh 3.5a); 

1,3 - hft sd ki ddn ung suat xoan xudt hidn khi siet buldng; 

[a] - ung suat cho phep cua vat lieu buldng dugc lay vdi he so an toan ben khong 
nhd han 2,5. 

Phuang phap cd dinh dau cap tren tang nhu hinh 3.5a thudng dung cho tang cudn 
nhidu lop cap vi loai tang nay khong cho phep kep cap tr£n bd mat cudn cap cua tang. 
Nhirgc didm cua phuang phap nay la ket ca'u tang phtfc tap, kho che tao, kho kiem tra 
va thay thd kep cap. Vi v&y phuang phap nay it dugc dung. 

Chem kep cap (hinh 3.5b) dung rat tdt cho nhtfng cap co dudng kinh nho han 12 mm. 
Phuang phap nay tien lgi va dd thay cap song ket ca'u tang phtfc tap, kho chd tao va 
thudng dung cho tang cudn nhieu lap cap. Dd dam b£o tu ham, dd edn cua chdm thudng 
lay tu t: 4 ddn 1 : 5 (tgcp < 2f). 

Phuang phap cd' dinh dau cap tren tang thong dung nhat la dung ta'm ddm ben ngoai 
ep cap Idn bd mat tang bang buldng (hinh 3.5c). Ta'm dem vdi ranh hinh thang la tdt 
nhat va thdng dung nhat. Mdi ta'm dem dugc bat vao tang bang mot hoac hai buldng. 
Nd'u mdi tiCm dem dugc bat bang mdt buldng thi so tam dem khong dirge it han hai, 
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khdng phu thuOc vao tinh toan. N6'u ta'm dem dung hai buldng thi c6 th£ ddng mOt ta'm 
d6m dd'i vdi cap co dudng kinh be han 31 mm va hai ta'm d6m dd'i vdi cap co dudng 
kinh lan han 31 mm. D£ tinh toan kep cap kidu nay, ta gia thid't rang: 

- Cac lire tac dung vao cap khdng lam thay doi tid't di&n mat cat ngang cua cap; 

- Cap dirge coi nhir day mem co b6 mat ngoai la hinh tru nhSn; 

- Thay m6t s 6 ta'm d6m bang mot ta'm dSm kep cap vdi cung sd' buldng. 

Cap vdi lire cang ldn nha't S max dirge giiT tr6n b£ mat cua tang bang cac thanh phan 
luc ma sat sau: 

a) Luc ma sat gida cap va be mat tang d 1,5 vong cap giam tai trude khi kep cap: 

e fot _ 1 

F, = S max - S, = S max . 5—i 

e 

b) Tong luc ma sat gida cap va bl mat tang trdn doan AB va CD (hinh 3.5c) 

F 2 = P.f 

Trong do: P - tdng luc nen cua tarn ddm l£n cap khi siet buldng hay tdng luc keo 
cac buldng. 

c) Tdng luc ma sat gida cap va be mat ta'm d$m trdn doan AB va CD la F 3 . xac 
dinh F 3 ta xet di6u ki£n can bang cap dudi tac dung cua cac luc N va P/2 (hinh 3.5d): 



1 

sin y 


vay F 3 = 4.N.f = P. -L- = p.f, 

sin y 

f 

Trong do: f, =-h$ s6 ma sat quy ddi cua ranh t^m d6m vdi cap. Gdc nghifcng 

sin y 

cua ranh hinh thang thudng lay 2y = 80°. 

d) Luc ma sat gida cap va b6 mat tang tr6n doan BC vdi gdc 6m p « 27i 

F 4 = S B - S c 


s ° = My + f) = s .-?( f + f .>; s c = ! = 


s,-- (f+f,) 


vayF 4 = (l-^)[s, -|(f + f,)\ 

Theo di£u ki6n can b&ng cap theo luc keo cang cap S max va ede luc gid do ma sat 
ta co: 

S max = F, + F 2 + F 3 + F 4 

S raox = S max £ ^ J - + P.f + P.f, + (l - ^)[s, - |(f + f,)] 
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VSy tdng lire P cin thidt dd nen tarn d0m gift cap nhd ma sat la: 

2S 

p __ _ ^'°max _ 

~ (f+f 1 )(e fp + l)e fa 


(3.4) 


Trong trirang hap nay, ceic buldng chiu k6o do lire P va chiu uCn do lire ma sat F 3 
gitfa tam d6m va cdp vdi canh tay dOn / (hinh 3.5d). 

Mdmen u6n buldng ldn nhat ia M u = F 3 ./. Vay s£> buldng can thi£t dd cd dinh d&u 
cap la: 


Z = n l P1 > 3 + n l F 3- / 

jtd? [CT] k .0,l.di 

' — 

Trong do cac ki hidu gidng d bi£u thirc (3.3). 


(3.5) 


3.1.2. Puli va pal£ng cap 

a) Puli 

Puli dung dd ddi hudng cap hoac dd thay d6i luc eSng cap. Trong paiang cap, puli 
duac phan thanh puli c 6 dinh dd d6i hudng cap, puli di d6ng d£ thay ddi luc cang cap 
va puli can b&ng. 

Puli dung trong may xay dung co chd dQ lam vide nhe va trung binh thuang duac 
due b&ng gang xam. DCii vdi ch£ d0 lam vise nang va r£t nang, puli duac due bang 
thep due. Cac puli cd dudng kinh dudi 600 mm thuang duac due liln, edn loai co dudng 
kinh ldn han 600 mm thuang dirge ch£ tao bang phuang phap han (hinh 3.6b) hoac due 
co nan hoa nh&m giam trong lugng va ti£t ki6m vat lieu. 

Mat cat ranh puli co hinh dang nhu d hinh 3.6a. B£ mat lam vi&c cua ranh puli ph£i 
dugc gia cOng ca khi. Kich thude ranh puli phai dam bio cho cap vdng qua dl dang, 



Hinh 3.6: Puli cdp 
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khdng bi ket va be mat tie'p xuc giQa cap va day ranh lan de giam ung sua't tie'p xuc, 
cap dd mon. Day ranh puli la mdt cung tron co ban kinh r = (0,53 -s- 0,6)d c . Goc nghieng 
cua hai thanh bdn ranh puli 2a = 40° + 60°. Chilu sau ranh puli h duqc chon tuy theo 
cdng dung va nai dat puli. Trong moi truing hqrp phai dam bao h = (2 2,5)d c . Mot 

sd' trirang hap puli co ranh rat sau, vi du puli dat d dau can cua can true co h ~ 5d c de 
cap khoi bi tudt khi vat lac. 

Nhir da trinh bay d trdn, dtrdng kinh puli tinh dd'n tarn cap D phai thoa man dilu 
kidn (3.2) dd dam bao do bln lau cua cap. Dilu kidn (3.2) co thi viet dudi dang: 

D p > (e - 1 )d c 

Tuy nhidn, mdt so puli co thl lay dudng kinh nho hon so vdi tinh toan. Dac bi|t do'i 
vdi cac puli dung de han che dd vOng cua cap, dudng kinh puli co the giam den 8d u .. 

Cap vong qua puli ph§i dam bao na.m doc theo ranh puli, dd lech cho phep (goc 
nghieng y - hinh 3.6c) phai dam bao sao cho cap khong d£ len thanh ben cua ranh cap 
tuc thoa man dieu kien sau: 


tg Y < tgCX ■ - (3.6) 

iR 

Trong dd ndu goc giua hai thanh ben cua ranh puli 2a = 60° thi goc lech cho phep 
y = 6°. 

V$t ii|u ranh puli co anh hudng ldn tdi tuoi thQ cua cap. Thuc te su dung cho thay 
cap trdn puli bang thep bi mon nhilu hon so vdi cap trdn puli bang gang. Vdi muc dich 
tang dd bln lau cua cap, ngudi ta su dung puli co lot tren mat ranh cap mdt lap nhdm, 
cao su hoac cha't deo. Nl'u la"y do mon cua cap trdn puli gang lam chuan thi do mon 
cua cap trdn puli thep tang 10%, tren puli co ranh cap phu nhdm giam 20% va dd mon 
cua cap tren puli cd ranh cap phu mdt lap cha't dlo gi&m 40 + 50%. 

6 true puli thudng dung d bi hoac bac lot. O bi duac dung nhieu han do cd hieu 
sua't cao (rj = 0,97 + 0,98), bao dudng dl dang va cd dd tin cay cao. O mdi trudng nhiet 
dd cao, cd nhilu bui thi hi|u sua't puli tha'p han. Vcri to'c dd quay cua puli nho thi chon 
6 bi theo tai trong tinh con neu toe dd quay nhanh thi phai chon o theo he sd' kh£ nang 
lam vide. 

Puli da duac tidu chuan hoa. Vo f i puli due cd nho, ta chi chon theo dudng kinh cap 
cud'n ldn no, con vdi puli han cd dudng kinh ldn han va chd' tao don chide thi can kiem 
tra ben trong dd thanh ranh puli chiu ung sua't ud'n, cac nan hoa chiu nen. 

b) Paldng cap 

Palang cap la mdt hd thdng gdm cac puli cd' djnh va di d|ng noi vdi nhau bang cap 
nham giam iuc cang cap so vdi lire keo cua hd thd'ng hoac tang td'c do keo cua hd thdng 
so vdi td'c dd cap. Vi vay theo edng dung ta cd hai loai palang: palang luc (hay con goi 
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li paling thuan) - Igi v& lire nhumg thigt v£ dirdng di va van tdc; paling vin tdc (hay 
con goi la paling nghich) - lai v6 vin tdc va dirdng di nhimg thiet \6 lac. 

Paling lire g6m co hai loai: paling dan vi paling kep. 

Palihg dan la loai paling chi co m0t d&u cap cuon len tang (hinh 3.7). Paling don 
lai co paling don loai m0t va paling dan loai hai. Paling dan loai mbt (Hinh 3.7a) la 
paling co nhanh cap ra khoi paling tir puli cd dinh phia tren va loai nay co sd puli n 
bing so nhanh cap treo vat m. Paling dan loai m0t la loai thCng dung nha't va thirdng 
dirge dung trong can true quay kia’u can. Paling dan loai hai (hinh 3.7b) la paling co 
nhanh cap ra khoi paling tir puli di dbng phia dudi va loai nay co sd nhanh cap treo 
vat m bing so puli trong paling n c6ng vdi 1. Paling dan loai hai thirdng dugc dung 
trong paling dien va mot sd tdi ning dit tren cao. 

m = n~ 1 m=n=Z m=n=3 m^n-5 



Hinh 3.7: Palc)nf> dem 

Paling kep la loai paling co hai dau cap cudn l£n tang (hinh 3.8). Paling kep dugc 
coi nhu hai paling dan loai hai hgp thanh va co the tinh toan no nhu hai paling dan 
loai hai vdi tai trong nang Q/2. Trong paling kep c6 puli can bing co tac dung giu 
thing bing va chi quay de tu di£u chinh lire cing hoic chi6u dai trdn hai nhanh do sai 
lech kich thirdc. 
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Hinh 3.8: Paldng kep 

Trong paling luc, tii trong ning Q dirge treo tr£n m nhanh cap, vi viy lire cing cap 
tr&n m6i nhanh giim di. Dai lirgng die trimg cho paling cap la b0i sui't paling a. Boi 
suit paling luc li sd lin luc cing cip giam di so vdi tii trong nang Q va dugc xac dinh 
bang bi£u thuc: 


k 

Trong do: 

m - sd nhanh cap treo vit ; 

k - s 6 nhinh cap cudn I6n tang. 

Nhu vay, ddi vdi paling dan b0i sui't paling a bing s 6 nhanh cap treo vit m (do 
k = 1) vi ddi vdi paling kep (k = 2) bdi sui't paling a bing sd nhanh cip treo vit chia 
cho 2. 

Trong truing hop vit treo tlnh thi luc cing trong m6i nhanh cap S cua paling dan 
giam di a l&n so vai tai trong ning Q, mit khac khi ning vat thi tdc dd cua cap v c lan 
gap a ldn so vdi tdc dO ning vit v n va chi£u dai cap cudn I6n tang L cung ldn gap a 
lan so vai chi£u cao nang vit H: 

Q = a.S 
v c = a.v n 
L = a.H 

Ddi vdi paling kep, luc cing cap trong paling S giam di 2a = m lan so vdi tai trong 
nang Q. Paling kep thudng dugc dung trong cac can true kieu ciu. 
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Paling van td'c thudng dirge dung chu ylu 
trong cac may thuy lire hay khi nen co thl tao 
ra lire dan ddng ldn nlumg td'c dd va hanh trinh 
bj han che' (hinh 3.9). Loai nly ngirge vdi paling 
lire: tao ra td'c dd nang ldn va lam vise vdi chilli 
cao n&ng ldn nhirng lai trong nang giam so vdi 
lire din dOng. Co thl tinh toan paling van td'c 
gid'ng nhir tinh cho paling lire vdi bdi suit 
a’ = 1/a. 

Viec chon bdi suit paling co anh hirdng ldn 
den kit clu, kich thirdc va gia thlnh cua may. 

Nlu bdi suit paling du ldn thi lire clng cap, 
duong kinh cac puli va tang v.v... giam lam may 
gon nhe va re tiln hon. Tuy nhien, neu chon boi 
suit paling qua ldn se lam cho dirdng kinh cap 
qua be, cap co toe dO ldn lai vdng qua nhilu 
puli nen cap chong mon, giam hi6u suit truyen 
ddng va tang se qua dai do dung krgng cap cud'n Hinh 3.9: Paldng v$n td'c 

tren tang ldn. 

Khi cud'n cap tren puli, dd cung cua clp va ma sat cua 6 true la hai nhan td' chi'nh 
anh htrdng din hidu suit ciia puli. 

Khi cud'n qua puli, cap co do cong qua do lam cac sgi thep va cac danh cua cap co 
xat vao nhau gay lire ma sat lam can trd sir thay dii dd cong cua cap. Dl tinh lire can 
W, do do cung cua cap ta lap phirong trinh cln blng (hinh 3.10a): 

S(R + c) = (S + Wj)(R - b) 

W, = ^±£. S = X.S 
R-b 

Trong dd: 

S - lire clng cap trdn nhanh cud'n vao puli; 

R - ban kinh puli tinh den tlm cap; 



A, = ——— - hd sd' phu thude vao dirdng kinh puli va cap, vao tinh chit dan h6i cua 
sgi thep vl clu tao cua cap, vao goc dm cua cap trdn puli. 


Luc tinh tac dung len 6 true cua puli la N = 2S.sin — vdi goc dm a va lire clng tinh 

cua cap S. Dudi lac dung cua N, d 6 true sinh ra lire cln ma sat F (hinh 3.10b). Dl xac 
dinh iuc can do ma sat d 6 true W 2 ta lip phirong trinh cln blng mdmen dd'i vdi die?m 


tarn puli: 
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F.d = Wt.D 


Viy W-, = 2sin — .f. — .S = co.S 

2 D 

Trong do: 

f - h6 s 6 ma sat 6 true; 

d, D - dirang klnh 6 true va puli tmh ddn tim cap; 


co = 2f. — .sin — 
D 2 


- h$ s6 c<tn ma sat 6 true. 


Tdng lire c&n cua puli khi keo cap li: 

W = W, + W 2 = (^ + (o).S 

Trong paling co puli c 6 dinh va puli di dOng. Hi6u su£t cua puli cd dinh r| cd 
3.1 la) la ti sd giiTa cOng co l'ch a nhanh cudn S! .h chia cho cong sinh ra & nhanh nha 

S,.h S, 1 

cd S 2 .h S,+W i + ^ + co 

Tinh toin tuang ttr vdi puli di d$ng (hinh 3.1 lb) ta c6: 


(3.8) 
(hinh 

S 2 .h: 

(3.9) 


Odd “ 


Qh 

S,.2h 


JL_ 

2S 2 


Li'y cin bing lire ta co Q = S, + S 2 = S 2 - ri C{f + S 2 


V&y: 


Odd 


S2-(0cd + 0 
2S 2 


1 + Hod 
2 


(3.10) 




Hinh 3.10: So dS tinh luc can cua puli. 
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So sanh hieu suH't cua puli di d6ng vii c6 dinh ta th&'y: 


'Hud _ 1 + L > [ 

^Icd 2 ti c< j 2 



Hinh 3.11: Scr d6 tinh hiiu sud't cua puli cd' dinh va di ddng 


TCr cong thue (3.9) ta thSy hieu sua't cua puli phu thude vao dO cling cua cap, duong 
kinh puli va 6 true, loai 6 va dieu kien b6i iron, goc 6m a, trong do t6n that do ma sat 
6’ true la ydu to' anh hirong Ion nh£t den hieu suat cua puli. Vi vay de don gian tinh 
toan nguoi ta lay hieu su^'t cua tat ca cac loai puli (c6' dinh va di d6ng) tuy thu0c vao 
loai 6 true. Puli co 6 true la 6 bi r] = 0,97 4- 0,98 va 6 trirot r\ - 0,94 4- 0,96. 

Doi voi banh xich bi dong v*l tang cuO'n cap khi lam viec cung co cac thanh phSn 
lire can nhir d6'i vdi puli. Trong tinh toan ngiroi ta thirong lay hifiu suat tang cu6'n cap 
1 * 1 ; = 0,96 4 0,98 va hieu suat cua banh xich hi d6ng = 0.94 4 0.96. 

Bring each tinh tirong tir nhir do'i voi puli, hieu suat cua palang cap r| p bang ti sb giira 
cong co ich Q.h va c6ng sinh ra do lire dim dong S.a.h. 



De tinh lire keo S, ta coi tat ca cac puli trong palang co cung hieu suat r\. 
Doi voi palang loai mot (hinh 3.12a) ta co: 

S, = S.t) ; 

S 2 = S,.r| = S.r) 2 ; 

S a = S.V . 
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s, = s 
s, = s 



(3.12) 


La'y c^n bang luc theo true oy: 

Q = S + S.ri + S.ry + ... + S.ti a “' 
Q = S.(l + ri + q 2 + ... + T) a_l ) 

Q = S. - ~ 31 

1 - T| 

Hidu suat cua palang don loai hai la: 


r| P 2 = 


A-n a 

a(l - ri) 


Tir (3.11) va (3.12) ta tha'y palang loai hai co hidu suat cao han palang loai mdt (vdi 
cung bdi suit a, palang loai hai co sd' puli it horn). 

Trong tinh toan, ta thudng phai xac dinh lire cang cap ldn nhlt d£ tinh chon cap. 
Trong trudng hop tdng quat, cap sau khi ra khdi palang con di qua cac puli cd' dinh d6i 
hurdrng cap ngoai palang r6i mdi cud'n ldn tang. Vay lire cang cap ldn nhat cud'n ldn tang 
dugc xac dinh bang bilu thuc sau: 


s raa , = —S- (3.13) 

a.Ti p .Ti 

Trong do: r - sd' puli ddi hirdng cap nam ngoai palang. 

Ddi vdi palang kep co hai nhlnh cap cud'n ldn tang thi: 

S max = —Q— (3.14) 

2aTi p .Tf 


3.1.3. Tang cud'n c£p 

Tang la chi tid't diing dl cud'n cap, bid'n chuyen ddng quay thanh chuydn ddng tinh 
tid'n va truydn luc din ddng tdi cap va cac bd phln khac. 

a) Phdn loai tang 

Theo cau tao, edng dung va phuomg phap che' tao, tang gom cac loai sau: 

- Tang tru, tang edn va cac tang co dudng kinh thay ddi. Trong may xay dung tang 
tru dugc su dung phd bid'n nhat. Tang edn va tang co dudng kinh thay ddi thudng dung 
trong cac tdi bd sung cap vdi tdc d0 cap thay ddi hole din cap bang ma sat. 

- Tang cud'n mdt ldp cap va tang cud'n nhidu ldp cap, trong do tang mdt idp cap duoc 
dung nhidu hom. Khi dung lugng cap cud'n ldn tang rat ldn, de gilm kich thude cua tang 
ngudi ta thudng dung tang nhidu ldp cap (hinh 3.13). Nhugc didm cua tang nhidu ldp 
cap la cap chong mdn vi cac ldp cap phia dudi chiu luc ep ldn do cac ldp trdn de ldn 
va gitfa cac vong cap cflng co ma sat. Sd' ldp cap thudng khdng virqrt qua 6 ldp va tang 
loai nay phai co gd cao hon chieu cao cua ldp cap ngoai cung la 2d c trd ldn. 
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Hinh 3.13: Tang nhieu lap cap 


- Tang tron va tang co ranh. Thong thudng ngircri ta che tao tang tron 66 cud'n nhieu 
lap cap va tang co ranh dung de cudn mot lap cap. Tang co r3nh g6m tang dan dung 
vdi palang dan va tang kep dung cho palang kep. Vdi tang dan thi ranh cap trdn tang 
co hinh xoan oc hoac phia phai hoac phia trai nhung vdi tang kep phai co mot doan 
xoan phia phai con doan kia phia trai. Tang co ranh co nhi6u uu di£m va dirac sir dung 
phd bien nhat. Ranh cap tren tang co tac dung dan cap cudn deu len tang, cac vong cap 
khdng tiep xuc vdi nhau va dien tich ti£p xuc giCra cap va tang ldn lam giam umg suat 
tidp xuc. 

Mat cat ranh cap la mdt cung tron co 
ban kinh R = 0,6d c (hinh 3.14). Chieu sau 
ranh cap h va btrdc cap t dagc quy chuan 
theo hai loai: ranh sau co h > 0,5d c ; ranh 
nbng co h > 0,3d c vdi budc cap t nho hon 
so vdi loai ranh sau. Budc cap thirdng lay 
t > l,ld c hoac lay trong khoang; 

t = d c + (2 + 3) mm. 

- Tang due va tang han. Chon tang due hay tang han phai dira vao kich thude tang, 
quy mb san xuat va di^u kien che tao tang. Tang due co trong lugng ldn, dung trong 
san xuat hang loat, gia thanh ha, due bang gang xam hoac thep due. Do y£u c^u edng 
nghe che tao tang due ma chieu day thanh tang 6 khdng nho hon 12 mm va thirdng 
dugc tinh sa bd theo cong thuc sau: 

gang 5 = 0,02D, + (6 + 10) mm, 

thep due 5 = 0,01D, + 3 mm. 

Sau do kie’m tra ben tang. Tang han nhe han tang due 35 -s- 40%, thudng dung trong 
san xuat don chiec vdi tang co kich thude ldn. 
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b) Tinh todn tang 

Dudng kinh danh nghia D cua tang la dirdng kinh U'nh den tarn lap cap thd nha't va 
dugc ti'nh theo di£u kien (3.2) tire D > e.d c hay D t > (e - l).d c vdi D t la dirdng kinh be 
mat tibp xuc vdi cap cua tang. 

Chieu dai lam viec cua tang dan mOt lap cap dirge xac dinh theo edng thde: 

L t = Z.t (3.15) 

Trong do: 

t - birdc cap; 

Z - s 6 vong cap cubn 16n tang. 

Z = ^ + l,5 (3.16) 

tt.D 

Trong do: 

H - chi£u cao nang; 

a - bdi suat palang cap; 

a.H - dung lirorng cap cua palang cap cubn ldn tang; 

7,5 vong cap dirge phan phoi nhir sau: 1,5 vong de gi&m tai trong tac dung v&o diu 
kep cap 16n tang, 4 vong d£ cb dinh ddu cap trdn tang con 2 vong thtra d dau tang. Tuy 

nhign, tuy tirng trirdng hap ma sb vdng d6 c 6 dinh dau cap tren tang va sb vong thira 

it han. 

Chieu dai lam vide cua tang kep (hinh 3.15b) dirge tmh theo edng thirc: 

L, = 2(L, + Li) + 

Trong do: 

L, = 4t - dung d£ kep ddu cap \tn tang; 

L-, = Z.t = ( — 1 -h 1,5 ).t, vdi 1,5 vdng cap d£ giam tai trong trdn ddu kep cap; 

L-, - phan tang khong tien ranh dam bao cho goc lfcch cap vdi puli trong palang dirdi 
gia tri cho phep theo dieu kien (3.6) khi moc treo d vi tri cao nhat (each true tang m0t 
khoang bang h mjn - xem hinh 3.15b). 

L.lmax — b + 2h min .tgy , 
l^min — b - 2h mjn .tgy 

Nhir vay chidu dai tang kep mot lap cap la: 

L, = 2( — + 5,5 \t + U (3-17) 

Vti.D / 

Dbi vdi tang dan (hinh 3.15a) ta phai dam bao khi moc treo d vi tri cao nhat thi 
khoang each / R dbi vdi tang co xe ranh sao cho a 2 < 6° vk / t dbi vdi tang tran sao cho 
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a! < 2°. Vay khoang each ttfi thi£u tir true tang dan d6n true puli di d6ng trong palSng 
cap la: 

Tang x£ r3nh: / R = — . cotg6° 

2 

Tang tran: /, = — . cotg2° 

2 

Chidu dai cua tang cu6'n nhi£u lap cap dirge tinh nhu sau: N6u tang co dirdrng kinh 
D t (hinh 3.13), cuon n lap cap, m5i lap Z vong thi lirgng cap ldn nha't ma tang cd th£ 
cu6n dirge ia: 

L — 7T.Z.(D] + Dt + ... + D n ) 



0 b) 

Hinh 3.15: Scr d6 tinh kick thit&c hinh hoc cua tang don va tang kep cud'n mdt l&p cdp 
Trong do: D, = D, + d c ; 

D 2 —- D] + 2d c — Dj + 3d c \ 


D n = D n _] + 2d c = D t + (2n - l)d c . 

Vay: L = rc.Z.{n.D t + [1 + 3 + 5 + ... + (2n - l)]d c }; 

L = 7t.Z.(n.D, + n 2 .d c ) . 

Mat khac, dung lurgng cap can thiet cudn I6n tang khi co chilu cao nang H va bdi 
suat palang a la: 

L c = a.H + l,57i.D t 
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(3.18) 


SO vong cap Z (cuon Ien tang n lap cap) dirge rut ra tir dang thuc L = L c : 

z __ a.H + l,5Tt.D t 
7t(n.D, + n 2 .d c ) 

Chi£u dai tang cuon n lap cap dugc tinh theo cOng thirc: L, = Z.t.tp 

a.H + 1,5 ji.D ( _ L c .t.tp 

L, =- L .t.(p = -;- 

7 t(n.D ( + n 2 .d c ) 7t(n.D t + n“.d c ) 


(3.19) 


Trong do: 

t = d c - buac cap do'i vai tang tran; 
tp = 1,1 - hO sO' xep cap khOng d£u. 

Trong thirc t6\ s 6 lap c£p khOng dirge vugt qua 6 lap va han ch£ chi£u dai tang 
L t = (2 - 2,5) D,. SO' lap cap cO th£ tham kh&o chon theo kinh nghi$m nhir sau: 


L c , m < 50 50 + 125 125 - 200 200 - 350 350 - 550 

n 1 2 3 4 5 


Trong qua trinh lam vi6c, tang chiu cac irng suat nen, uO'n, xoan trSn thanh tang. 

Ung suat nen la thanh phin ung suat lan nha't sinh ra do lire tac dung cua cap cuO'n 
quanh tang. D6 tinh ung suat nen, ta tach mOt vanh tang co do dai bang mOt birac cap 
t va xet no nhir mOt vanh ph&ng (hinh 3.16). 




b) 


Hinh 3.16: Scr dS tinh ting sudt nen trin thanh tang 

Lire cang cap lan nhat gay ra ap luc phan bO' p tr£n vanh tang va gik thiet do 
la lire phan bO' d6u. 

D£ tinh ap luc p, tach mOt phan tO' diOn tich dF trOn vanh tang, dF = t.R.dip ung vai 
lire tac dung I6n phan tO' dF la: 

dS = p.dF = p.t.R.dcp 
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Lap phirang trinh can bang cho cap theo true y-y: 


7t/2 


2S max = 2 Jp.t.R.cosip.dip = 2R.t.p ; 


Vay: 


2S max = D 2 .t.p ; 
2S 

n _ ^^max 

D,.t 


(3.20) 


D6’ tinh ling sua't cua thanh tang do p gay n£n, coi tang nhir mot 6'ng day va ap dung 
k£t qua bai toan Lame trong sire b6n vat lieu vdi trirdng hop dng day chi chiu ap luc 
nen p tCr phia ngoai: 

D? 


Ung sua't diem trong cung: cr (r - - 2p. 


D; - D, 


1 0 

D; + Dr 


Ung suat diem ngoai cung: cr - -p.—- 

D; - Dj 

Nhir vay thanh tang dirdi tac dung cua p chiu trng suat nen va ung sua't n£n diem 
trong cung cr, r la ldn nhat. Thay gia tri cua p tir (3.20) va D, = D 2 - 25 vao edng thirc 
tinh a„. ta co: 




O-s)* 


(3.21) 


Trong nhi6u trirdng hop vi 8/D 2 rat nho n6n ta c6 th6 lay gia tri trng sua't nen ldn 
nhat theo edng thirc sau: 


.max — rnax 


'n 


5.t 


(3.22) 


Cac rndrnen udn va xodn ldn nhat dirge xac dinh theo cOng thuc sau (hinh 3.17): 



Hinh 3.17: Sa dS tinh moinen non va xodn 
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Bd'i vdi tang dan: 


M, 


I S 

max _ L, lJ max 


M = S ^ 

m x °max • 2 


Dd'i vdi tang kep: 


M 


max — _m 


S m JL-L 3 ) 


M v 


D.S 


max 


Vay irng sua't ud'n va xodn trong tang la: 

a„ » 

W„ 


T Y - 


M, 

W. 


Trong do: W u , W x - mdmen chd'ng ud'n va chd'ng xodn cua mat cdt tang. Vdi dudng 
kinh trong va ngoai cua tang ik D, va D 2 (hinh 3.16) ta co: 


W u = 0,1“ 


Do - D? 


D-, 


W x = 2W U . 

Nhu trdn da trinh bay, tang due co chi6u day thanh tang khdng nho han 12mm va 
dirge chon sa bd theo c6ng thuc kinh nghiem, sau do tie'n hanh kiem tra b£n. 

Bdi vdi tang mdt lap cap, loai co chidu dai tang khdng Idn han 3 lan dtrdng kinh 
cua no (L, < 3D,) thi thanh phan irng suat non va xodn rat nho, chi bang khodng 
10 -5- 15% irng sua't nen. Trirdng hap nay ngirdi ta cho phep kid’m tra b6n thanh tang 
theo irng suat nen con irng suat uon va xodn dugc tinh den bang each tang he so an 
toan ben khi tinh irng suat nen cho phep. 

<J„ =-^-S [ff]„ (3.23) 

C 1 - b; > 5t 

He s6 an toan b£n tinh irng sua't nen cho phep [a] n lay bang 1,4 1,5 dd'i vdi 

lang bang thep va4-r 4,25 dd'i vdi tang bang gang. 

Ung suat phap do momen ud'n va xodn gay ra co the tinh theo edng thirc: 

VM; + (0.75M,) 2 

a =- 

W 

Bd'i vdi tang mdt lap cap co chi£u dai ldn L, > 3D, thi phai tinh thanh tang chju irng 
suat phire tap: nen, ud'n va xodn. Trirdc tien ta ki£m tra sa bo thanh tang theo irng sua't 
nen bang di6u ki£n (3.23), sau do co the dung thuyd't bdn Mo dd’ ki£m tra vi thuyet ben 
Mo ap dung dugc cho cac loai vat lieu gidn, deo (gang, thep). 

Tach mot phan td trdn thanh tang, phan td' nay co nhfrng ling suat sau: cac ung sua't 
phap a u va cx n trong do irng suat ud'n a u hirdng theo true tang ; ung suat nen a n hudng 
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theo phirong vuong goc vdi ban kfnh tang di qua phAn to da tach va vudng gdc vdi o u ; 

irng suat tiep t x do mOmen xoAn M x . Nhir vAy day la trang thai irng suA't phAng va de 

ki£m tra theo thuyet ben Mo ta dira phAn to da tach ve trang thai cAng chfnh (chi cd 
dng suA't phap, con irng suat tiep bang khdng). Cac irng suat chfnh cua trang thai cdng 
chfnh diroc tfnh theo cdng thirc: 

= 2 ^ ” CT, ‘ + ^ a " + CT ^ 2 + 4t *] ; 

a* = ~ [ c «> ~ a n - V(a u + cr n ) 2 + 4x“] . (3.24) 

Ung suA't tirong dirong dirge kiebn tra theo thuyd't ben Mo nhir sau: 

a ut = <7, - a.CT 3 < [al k (3.25) 

Trong do: a = [cr] k /[a] n vdi [a] k va [c] n la irng suA't cho phep theo keo va nen cua 
vat lieu tang. Dd'i vdi vat lieu deo a = 1. 




Hinh 3.18: So dd tinh 6n dinh tang 

Dd'i vdi cac tang cd chi£u dai va dirdng kfnh Idn (chi6u dai tang trdn lm va dirdng 
kfnh trdn 1,2 m) thi chi£u day thanh tang tirong doi mong so vdi kfch thirdc tong the’ 
cua tang va diroc coi la loai tang cd vo mong. Dirdi tac dung cua ap lire ngoai p, cd 
the' tang du ben song tang vAn hong do mat dn dinh (hinh 3.18). 

Tang diroc kiem tra d’n dinh theo cdng thirc sau: 

p = = P‘Jl (3.26) 

D,.t R.t k 0(} 

Trong dd: 

k od = 1,3 -r 1,5 - he sd an toan on dinh; 

p th - up lure nen tdi han, N/cm“, duoc tfnh theo cdng thirc sau: 
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He s 6 A phu thubc vao vat lieu tang, dbi vdi thep co thi lay A = 525.000, dbi vbi 
gang A = 250.000 -5- 325.000. Cbng thuc chung db tinh A la: 

A = -E. 

4(1 - H 2 ) 

Trong do: 

E - mbdun dan h6i, N/cm 2 ; 

p. - he sb Poatxong. 

Truong hop tang khbng dam bao db bn dinh thi phai tinh lai kich thubc tang hoac 
gia cb them cac gan tang cung. 

Khi tinh sue bln cua tang mot lop cap ta da gia thib't la luc nen cua cap lbn tang 
duoc phan bb dlu theo chieu dai va khbng xet tbi anh hubng do biln dang cua cap va 
tang khi chiu lire vi anh hudng d6 khOng Ion. Nhung trong tang nhilu lop cap, nlu 
khbng kb din anh hudng do se pham phai sai sb tinh toan Ion va tang sb nit day vi thuc 
tl lbp cap tren de Ibn cac Ibp cap dudi gay bien dang cac lop cap dudi va phan con lai 
cua tai trong hirong kinh mbi co tac dung nen thanh tang. Nhu v|y khi sb lbp cap tang 
thi ap lire hurbng kinh dat len vanh tang cung tang nhumg khbng tang ti lb thu|n vbi sb 
lbp cap. Quan hb giua nbi luc va bib'n dang b day rbt phuc tap va cac tac gia da dua ra 
nhieu each tinh. Ta chon each tinh don gian b&ng each thbm hb sb A n kl din mure db 
tang cua ung suat nen khi tang cubn n lbp cap. Vi tang nhilu lbp cap thirbng co chilu 
dai L, < (2 -s- 2,5)D t nen ung suat ubn va xoan nho. Ta kibm tra bln tang theo ung 
suat nen: 


Trong do: 

n = 1 

n = 2 

n = 3 

n = 4 

n = 5 



(tang cubn mOt lbp cap) ta co A ] = 1 ; 

A, = 1 + 1 


A^ — 1 + 


Aa — 1 + 


A, = 1 + 


l+X 
2 + 3X 

(1 + X)(l + 2X) 

3+ 12X + 1IX 2 
(1+X)(1+2X)(1 + 3X) 

4 + 30X + 7OX 2 ± 5 OX 3 
(1 + X)(1 +2X)(1 + 3X)(1 + 4X) 


(3.27) 
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He sd X = ■ c ' c - vdi E c , E t la mddun d&n h6i ciia vat lieu cap va tang; F c , F t la dien 

Et-Ft 

tich mat cat cua cap va tang. Doi vdi cap thep co th£ lay E c = (8.10 6 «*• 10.10 6 ) N/cm 2 . 

Trong cac phep tinh thurc td, cd thd \iy cac he sd A n nhir sau: A 2 = 1,2; A 3 = 1,43; 
A 4 = 2; A 5 = 2,85. 

Thudng thi tu 5 lap cap trd len ngudi ta ldy A n = A 5 vi cac lap cap thu 6 trd len 


khdng gay them ap lure hudng kinh len thanh 

Ngoai tang tru, co thd dung tang edn trong 
trudng hap lire cang cap cudn len tang thay 
d6i trong mdt kho&ng ldn (hinh 3.19). Vi du 
tang trong ca cdu nang c&n cua c&n true. Khi 
can d vi tri thdp nhdt, cap co lure cang ldn 
nhat cudn len tang ung vdi dirdng kinh nho 
nha't D mm . Trong qua trinh nang c&n, luc cang 
cap giam dan cudn len tang edn vdi dudng 
kinh tang din den D max ung vdi vj tri cao nha't 
cua c&n co luc cang cap nhd nhat. Nhu vay 
trong qua trinh nang ha c&n bang tang con, 
tr6n true tang co mdmen xodn g&n nhu khdng 
ddi. Dudng kinh nhd nhat D mm cua tang edn 
dugc tinh tCr dieu ki$n (3.2) theo ban kinh ud'n 
cong cap con dudng kinh ldn nhat D max dugc 
tinh tu didu kien mdmen xoSn tren true tang 
khdng ddi: 

D S ■ = ] 

‘-'max-^ min J 


tang do bien dang cua cac ldp cap trong. 



min-^max 


3.1.4. Tang va puli ma sat 

a) Tang ma sat 

Trong nhdng trudng hgp can dich chuydn tai trong tren mot khoang each ldn nhu dd 
di chuyen xe con thay ddi tarn vdi cua can true thap, di chuydn xe con edng true, dan 
ddng dudng cap treo vh c&n true cap v.v... ngudi ta thirdng dung tang ma sat vi vdi tang 
cudn cap may se rat edng kenh do dung lugng cap cudn len tang ldn. DSc diem cua 
tang ma sat la khdng cd' dinh dau cap tren tang ma cudn len tang mot sd vong, khi tang 
quay thi mdt nhanh cap cudn vao vdi luc cang S c = S max va nhanh kia nha ra vdi lire 
cSng S n = S min . Tang truydn chuyen ddng nhd ma sat gitta cap va tang. Tang ma sat 
gdm loai hinh tru va loai cd dudng kinh thay ddi (hinh 3.20). 

Kha nang keo can thiet cua tang ma sat U de dich chuydn tai trong dugc tinh tu luc 
can djeh chuyen tai trong va cac didu kien lam viec vdi he sd an toan can thie't. Luc 
cang cap nhd nhat S min tren nhanh nh& dugc tinh tu didu kien luc edng ban dau de’ truyen 
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Hinh 3.20: Tang ma sdt 


lire bang ma sat hoac tu di£u kien do vOng cho phep cua cap. V«ty lire cang cap ldn 
nha't S max tr£n nhanh cuO'n c£n thie't d£ dich chuydn tki trong la: 

^max — U + S m i n 

So vong cap can thie't cu&'n len tang ma sat dirge tinh tu didu kien cap khOng bj trirgt 
tren tang theo c6ng thuc Ole: 

S max = S miI ,e f2 ’"' (3.28) 

Trong do: 

f - he s 6 ma sat gitfa cap va tang. 

Vay: n = ^ Sfnax ~ IgSm1 ? 1 (3.29) 

27i.f.lge 

Tang ma sat hinh tru thudng dugc xe ranh cap theo hinh xoan 6c. Di tang he s6' ma 
sat, ngoai ranh tron co the’ lhm cac ranh cap dac biet khac. Tuy nhien, vdi cac ranh cap 
nay tudi tho cua cap gi&m. 

Chidu dai cua tang ma sat hinh tru dugc tinh theo cOng thuc: 

L t = — + (n + 4).t (3.30) 

7tD 

Trong do: 

/ - chidu dai,van chuyln tai trgng; 

t - bude cap;... 

D - dudng kinh tang tinh d6'n tarn cap; 

4t - cac vong thira d hai dau tang. 
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Vi cap di chuydn doc theo true tang trong qua trinh lam vide ndn vdi chieu dai van 
chuyen ldn, chieu dai tang rat ldn. Khi do co the dung tang ma sat co dudng kinh thay 
ddi. Khi cap di chuyen theo chi&u tryc tang, no sd bj trupt vd vi trt cfl va vi the tang 
rat gon song cap sd rdt chong mon. Dilu ki£n dd cap co thd’ trupt ve vi tri cu la goc 
nghieng thay doi dudng kinh (p phai ldn hem goc ma sat p giu*a tang va cap: 

tgcp > f = tgp hay (p > p 

Dd co dupe hai tdc dd ngudi ta dung tang ma sat co dudng kinh thay doi vdi hai bac 
khac nhau (hinh 3.20). Cac dudng kinh D max va D mm cua loai tang nay xac dinh tir cac 
tdc dd cho trude v inax va v min . Dd thay cap dupe tidn lpi vi do tang ngln, tang ma sat 
co dudng kinh thay ddi thudng dupe lap edng xon vdi true din dong no. 

Dd tang lire bam gitfa cap va tang, co thd’ lam cac gan nho trdn bd mat tang doe theo 
true tang. 

b) Puli ma sat 

Puli din cap bang ma sat (goi tat la puli ma sat) dupe dung phd’ bid'n trong thang 
may, dudng cdp treo va can true cap. Kha nlng keo cua puli ma sat dupe tinh nhir ddi 
vdi tang ma sit - theo edng thuc Ole, song goc dm cua cap ldn mdi puli thudng khong 
vupt qua 3n/2 ngoai tru trudng hpp dung puli phu vi cap vong qua puli ma sat nhidu 
lan trdn cac ranh cap ridng bidt nhd puli phu. Khac vdi tang ma sat, puli ma sat co cac 
ranh cap ridng bidt ma khdng theo hinh xoln dc. Sd ranh cap trdn puli ma sat tuy thuoc 
vao sd spi cap dan ddng trong may va each mlc cap. Ddi vdi puli ma sat, mdt spi cap 
cd thd cudn ndi tidp ldn nhidu puli ma sit dan ddng ddng thdi dd ting goc dm. Puli ma 
sat dung trong thang may thudng cd goc dm bang 7t vdi sd' ranh cap khdng nhd han 3 
tuy theo loai thang may. Mdt sd puli ma sat cd ranh cap phu chat deo dd ting ma sat. 
Ranh puli va cap cd cung dd cung se dim bao do mon it nhat ddi vdi ca cap va ranh 
puli. Dudng kinh puli ma sat cOng dupe tinh tir dieu kien (3.2) vdi he sd e lay tuy theo 
loai may va didu kidn lam vide. 

Hinh dang mat cat ranh cap tren puli ma sat cd anh hudng ldn den kha nang keo va 
tu6i tho cua no. Cd 3 loai ranh cap: ranh tron, ranh tron cd xe dudi va ranh hinh thang 
(hinh 3.21). 


Jl 




Hinh 3.21: Cac lopi rdnh cap cua puli ma sat 
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Dtfi vdi puli ma sat, h$ sd' ma sat trong cdng thuc Ole la h£ s 6 ma sat tinh to&n f„ no 
IPn hon he s 6 ma sat gitta vat lieu cap vdi ranh puli f va phu thu0c vao dang ranh cap. 

S = S e f,G 

°max Lj min- V ' 

Trong d6: 0 - goc 6m cua c£p 16n puli ma sat. 

He s 6 ma sat tinh to£n cua ranh tr6n c6 xe dudi (hinh 3.21) dupe xac dinh theo c6ng 
thuc sau: 






) 


(3.31) 


y - a + siny - sma 

Ranh cap tr6n c6 hoac khOng x£ durdi thudng dupe tinh vdi goc ti£p xuc gitta cap 
va ranh y = it va day cdng la trirong hop khi ranh cap bj m6n. 

Vay h£ stf ma sat tinh toan cua ranh tr6n c6 x£ du-di la (y = n). 


ft 



7C - a - sina 


(3.32) 


He sd ma sat tinh toan cua ranh trdn la trudng hpp tr6n vdi a = 0: 

f t = f.- (3.33) 

n 

Dtfi vdi ranh hinh thang, h£ sd ma sat tinh toan dupe xac dinh theo c6ng thuc: 

f, = f. — l - (3.34) 

. £ 

sin 

2 

Trong dd: goc nghieng p eda hai thanh ben ranh cap phai th6a man didu ki£n p > 2p, 
vdi p la g6c ma sat gitfa vat li$u cap vk ranh puli d£ cdp khOng bi ket trong ranh puli. 

Ngoai vi$c phdi ddni bdo co he sd ma sat tinh toan cao, ranh cdp cua puli ma sat 
phai dupe ki£m tra theo ung sudt dap gitta cap va ranh puli. 

Ung sudt dap eda ranh trdn cd x£ dudi tai di£m A (hinh 3.21) dupe tinh theo edng 
thuc sau: 


P = 


S 

D.d c 


_ 8cos(p _ 

y - a + siny - sina 


Trong d6: 

S - luc cang cdp Idn nhdt; 

D, d c - dudng kinh puli tinh de'n tarn cap vd dudng kinh cap; 

<p - goc xac dinh vi tri di£m tinh ung sudt d$p (di£m A) tren b£ mat tidp xuc. 
Ung sudt dap ldn nhat la tai di£m B ((p = a/2): 
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Pmax — 


8cos^ 

2 


D.d c y - a + sirry - sina 


Dd'i vdi ranh cap tron co xe dudi va y = n ta cd: 


Pmax 


s 

D.d c 



7i - a - sina 


(3.35) 


Ranh cap tron khong xe dirdi la trudng hqrp c6 a = 0 va ung suat dap ldn nhat la: 


S 8 
D.d c 7i 


(3.36) 


Tii cong thuc (3.32) va (3.35) ta thay loai ranh cap tron co xe dudi co he sd' ma sat 
tinh toan cang ldn khi goc a cang ldn song ung suat dap cflng tang lam cap va ranh 
cap chong mon. 

Tu cac cdng thuc (3.32) + (3.36) ta thay puli ma sat cd he so' ma sat tinh toan tang 
d&n vdi cac ranh cap tron, ranh cap tron co xe dudi, ranh cap hinh thang. Mat khac ung 
suit dap cQng tang dan tuc tu6i tho cua cap va puli giam dan theo thu tu* cac ranh 
cap tren. 


§3.2. XICH 

3.2.1. Xich han 

Xich han cd cdng dung gid'ng nhir cap thep diroc dung chu yeu trong cac may dan 
ddng bang tay nhir palang xich, tdi nang, tdi keo... va dung de chang, budc hang. Doi 
khi xich han cdng diroc sir dung trong cac ccr cau din ddng may vdi tdc dd thap. 

Xich han gdm nhlrng mat xich hinh dvan che tao bang each dung thep trdn ud'n cong 
lai r6i han bang phuong phap han rdn hay han dien. Cac mat xich nam trong hai mat 
phang vudng goc vdi nhau d£ dam bio d0 ud'n cong cua xich theo mpi phucmg. De dim 
bao de han va chac chan, ngudi ta dung thep it cacbon nhu Ct2, Ct3, thep 10 chua it 
luu huynh va phdtpho, cd gidi han ben keo tu 370 de'n 450 N/mm 2 . Cac soi thep lam 
mat xich phai cat vat d cac dau m0t goc 45° r6i hin lai de mat phang mo'i han khong 
vudng goc vdi true cua soi thep. Dt? khu cac ung suat du trong cac mat xich do han, 
xich sau khi han cac mat xich duoc dem di u. Cac kich thude chinh cua xich han la: 
budc xich t, dudng kinh soi thep d va chi£u rdng mat xich B (hinh 3.22a). Xich sau khi 
che' tao xong phai diroc thu tai vdi tai trong bang mdt nua luc keo dut xich va vdi luc 
nay cac mat xich khdng bi bie'n dang. 

Theo ti 16 gida chieu dai budc xich va dudng kinh soi thep, xich han cd hai loai: 
xich han vdi budc xich ngan (t < 3d) va xich han vdi budc xich dai (t > 3d). 
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Theo dung sai che tao cac kich thudc t va B, xich han co hai loai: xich thudng vl 
xich chinh xac. 

Xich thudng co dd chinh xac che' tao cua buoc xich ±10% va thudng chi dung trong 
co ca'u dan dong vdi tang tron hole dung di buoc hang. 

Xich chinh xac co sai so birac xich nho han ±3% vdi cac mat xich sau khi hln ducrc 
n5n lai bang khuon. Tai trong cho phep cua loai xich nly cung nhd hon so voi xich 
thudng cung loai (he sd' an toan b£n cao hon) de’ giam do mon va bie'n dang. Xich chinh 
xac thirong dung trong co clu nang vat din ddng bang dia xich can an khdp vdi dia 
xich em vl chinh xac, do do may cOng nhd gon hon (dudng kinh tang thircrng Idn glp 
doi dudng kinh dia xich). Xich han co nhurgc diem la trong luong ldn (so vdi cap thep), 
chiu luc va dap kern, chong mon va de bi dut dot ngdt do do phai han che' td'c dd chuyen 
dong cua xich han. Tuy nhien, xich han co the? uon dirge theo moi phuong, co th£ dung 
vdi cac tang, dia xich co dudng kinh nho lam may gon hon. Xich han dcm giln ve ke't 
ca'u, de che tao va re ti6n. 

Khi tinh toan xich mdt each chinh xac, ta coi mlt xich nhu mdt dam sieu tlnh vdi 
cac ung suat sinh ra trong tiet dien mat xich la: ung suat keo do luc keo S va ung suat 
uon do momen ud'n M u trong mlt phlng cua mlt xich (hinh 3.22b), ung suat uon phu 

, t + d 

khi xich vong qua tang hole dia xich bi ddng vdi mdmen udn M = S.sinip.- 

2 

(hinh 3.22c). De’ giam ung suit ud'n phu, ngudi ta thudng chi dung xich han vdi bude 
xich ngdn. Ngoai ra con co cac ung suat dap tai chd tiep xuc gitra cac mdt xich. Cach 
tinh toan theo phan rich trdn rat phuc tap va khong dua lai ke't qua chinh xac. Vi vay 
ngudi ta quy dinh each tinh chon xich tuong tu nhu doi vdi cap thep: 

S max .n < S d (3.37) 

Trong do: 

S max ■ lyc clng xich ldn nhat; 

S d - tai trong pha hong xich; 

n - he so' an toan ben cua xich tuy thuoc vao loai may va dieu kien lam viec 
(bang 3.2). 
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Bang 3.2. Hf so an toan cua xich han 


DiSu kifin lam vi£c 

D5n d0ng tay 

Din d0ng may 

Lam vi$c trftn tang tron 

3 

6 

Lam vi£c trfin dia xich 

4,5 

8 

Dang d£ chang, bu0c hang 

6 

6 


Trong thixc td sii dung, xich han c 6 mOt sd mat xich mdi sua hoSc xich khdng r<3 lai 
lich vh t£i trong d£u ph&i dugc thu t£i va tra b&ng dd so sanh vdi cac xich ti6u chu^n 
co ciing kich thudc. D0 mdn cho ph6p cda c£c mdt xich han khdng qua 10%. 

Trong co ca'u may, xich han dirge cu6n ldn tang hoSc vdng qua cac dla xich chti d6ng 
va bi d0ng. Tang va cac dla xich dirge chd tao tu gang xam hoic thdp due. Duong kinh 
tang hoac dia xich khOng qua be d i han did ung su£t u6n phu (D > 20d vdi d£n d6ng 
bang tay va D > 30d vdi din d0ng bang may). 

Dia xich bi d0ng m$t tron co hinh dang nhu 6 hinh 3.23a. Loai nay, thirong dung 
cho xich han loai thudng vdi birdc xich ngan d£ ddi hudng xich trong co cau. C£c m£t 
xich han tr£n ranh dla xich vdi g6c nghi£ng 45°. Loai nay co nhugc didm la xich han 
d£ bi trugt tr@n mat dla xich, do dd dd han chd sg trugt cua xich, ngudi ta lam go tron 
I6i d giQa ranh dla xich nhu trfen hinh 3.23b. 



Hinh 3.23: Tang va dia xich dung cho xich han 
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Tang din ddng ddng dd cud'n xich han loai 
thudng vdi budc xich ngin gdm hai loai: loai mat 
tang co gd tr6n 16i hinh xoin Oc, cac mat xich cudn 
trdn tang cd goc nghidng 45° so vdi mat tang (hinh 
3.23c) va loai mat tang co ranh s&u hinh xoin 6'c, 
cac mat xich chan ti ldn mat tang con cac mat xich 
le nam trong mat phing ranh tang (hinh 3.23d). C6' 
dinh d&u xich han trdn tang nh6 mat xich cudi co 
kd't ciu va vi tri trdn tang nhir a hinh 3.24. 

Dia xich chu ddng dung d£ dan ddng xich han 
loai chinh xac co budc xich ngin (hinh 3.23e). Khi 
vong qua dia xich chu d$ng, xich han co cac mat xich chin nam trong mat phing tua 
con cac mat xich le nim trong mat phing thing dung cua ranh dia xich. Cac mat xich 
nim ngang trdn mat phing tua co cac hd'c vai thanh cao co hinh dang nhu mat xich lam 
cac mat xich nim ngang lot vao trong cac hdc do. Nhu v$y dia xich chu ddng co hinh 
da giac dSu, m6i canh cua da giac d£u bing chi£u dai cua mit xich. Nhd co kft't ciu 
nhu vdy mi khi lam vide, xich kh6ng bi trugt, mat khac cac mit xich nim ngang tua 
trdn mat phing cua cic hd'c ndn chung kh6ng chju mdmen udn phu nhu dd'i vdi tang 
va do do co th£ dung dia xich co dudng kinh nhd. 



Hinh 3.24: C6 dinh ddu xich 
han trSn tang 


Dudng kinh cua dia xich chu ddng dugc xac dinh theo cdng thuc (hinh 3.23e): 

(3.38) 


D = 


t 


V r 


. 90° 

sin T 


+ 


cos 


90° 


Trong do: 

t, d - budc xich va dudng kinh sgi thep mit xich; 

Z - sd' rang (hd'c) cua dia xich (Z = 5 r 6). 

Trudng hop dia xich co Z > 6 va xich han cd d < 16 mm thi sd' hang 


cos 


90° 


rit be 


va co thl bo qua. Khi do dudng kinh dia xich chu ddng tinh theo cdng thuc: 


D =-*— (3.39) 

. 90° 

sin T 

Trong cac miy nang din ddng bing tay thudng dung dia xich kdo nhu d hinh 3.23f 
(vi du trong palang xich) vdi xich han loai chinh xac. Hinh dang mat cit dia xich kdo 
cflng gid'ng nhu mat cit dia xich chu ddng. 

Dd'i vdi xich hin loai chinh xic cd budc xich ngin, dia xich bi ddng thudng dung 
loai cd ranh sSu d gitfa d£ chua cac mit xich thing dung. Mat phing ti cho cdc mit 
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xich nlm ngang co the’ la mat tru vdi cac go ngang 
de xich khoi trugt. Cac gcr nay co hinh c6n vdi goc 
c6n 2° -s- 14° de tranh tai trong va dap. 

Cung nhir cap thep, xich hln thudng dirge dung 
de bu6c, treo v$t nlng. Khi chon xich va cap bude, 
luc cang Ion nhat trong xich dugc xac dinh co tinh 
den goc nghieng a cua no vdi phuemg thing dung 
(hinh 3,25). Goc nghieng a cang Ion thi luc cSng 
xich S cang Ion. Ne'u trong lugng vat nang la Q 
dugc treo bang Z nhanh xich chlng can nhau thi 
lire cang xich la: 

s = -QL_ 

Z.cosa 



Hinh 3.25: Sa do tinh luc edng 
xich bu$c hang 


3.2.2. Xich ban le 

Xich ban 15 (con goi la xich tarn) gom cac day ma xich noi vdi nhau bang cac ch6't 
xich. Ben ngoai chdt xich co the lap cac ong bao hoac con lan goi la xich 6'ng hole 
xich 6'ng - con lan. Theo cong dung, xich ban 15 g6m ba loai: 

- Xich dan ddng: dung de truy5n nang lugng tu true chu dong de'n true bi dong trong 
cac co cau din d6ng cua tat ca cac loai may xay dung co truyen d6ng xich. Trong may 
xay dung, cac loai xich din d6ng ph6 bie'n la xich 6'ng, xich 6'ng con lan va xich ring. 
Cau tao, cac thdng s6' co ban cua cac loai xich nay va tinh toan truyen d6ng xich dugc 
gidi thieu trong giao trinh "Chi tiet may". 

- Xich keo: la loai xich dung lam b6 phan keo trong cac loai may van chuyln lien 
tuc nhu xich tai tarn, xich tai treo, glu tai, thang cu6'n v. v... Dae diem cua xich keo la 
chung co bude xich dai, chdt xich co lip 6'ng bao, con lln hoac banh xe chay tren din 
hudng doc theo dudng van chuyen de xich kh6ng bi vong khi mang tai. Tren ma xich 
ngoai co chi tiet de kep bo phan mang tai cua may van chuyen. Cau tao va thong s6' 
co ban cua xich keo dugc gidi thieu trong giao trinh "May van chuyen lien tuc". 

- Xich mang tai: la loai xich co c6ng dung nhu cap thep va dugc su dung chu ye'u 
trong cac loai may nang nhu palang, may xe'p dd, thang nang v.v... Trong muc nay chi 
gidi thieu xich ban le dung de mang tai trong may nang va goi chung la "xich ban 15" 
(hinh 3.26a). Cac chi tie't cua xich dugc che tao tu thep 40, 45 va 50 vdi gidi han ben 
keo 570 + 600 N/mm 2 va tuy tung trudng hgp ma co che do nhiet luyen khac nhau. 
Xich ban le sau khi che' tao xong cung phai dugc thu tai giong nhu xich han. 

Cac thong so' chinh cua xich ban le la bude xich (khoang each tarn cua hai chd't xich 
canh nhau), khoang each gitfa hai ma xich trong cung, chi5u day ma xich va so' lugng 
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ma xich. Cac thbng sd cua xich ban 16 da dugc ti6u chuin hoa. So lugng ma xich cang 
nhi6u thi tai trong pha hong cua xich cang Ian (thudng dung tvr 2 12 ma xich). Ma 

xich cua mat xich cudi cung dung d6 cd dinh dau xich vao kdt ca'u may co hinh dang 
nhu d hinh 3.26c. 





£ 

^ _ t 

d 

Is 

i _ c 


V 



£ 

1 v 

Z7 


Hinh 3.26: Xich ban IS 


Ddi vdi xich ban 16 loai nho, chdt xich co diu tan nhu d.hinh 3.26a nhumg ddi vdi 
loai xich ldn (tai trong pha hdng xich 2 -r 10 tan vi ldn hom) thi cac dau cua chdt xich 
phai co vong d0m chan vdi cac chdt dinh vi d6 giu ma xich. 

Tinh toan xich ban le khdng phuc tap lam ndu coi lire keo phan d6u tr6n cac ma xich. 
Tu do ta tinh ma xich chiu keo va dap con chdt xich chiu udn. Nhung trong thuc td lire 
keo khdng phan bo d6u trdn cac ma xich do chd tao va lap ghep cac chi tidt khdng 
chinh xac, luc keo xich khdng can theo true xich. Vi vay ma ngudi ta quy dinh each 
tinh chon xich ban 16 theo sue ben tdng hop tuong tu nhu cap va xich han. 

Tai trong pha hong xich dugc tra theo bang la'y tu kdt qua thuc nghi6m vi xich da 
dirge tidu chuin hoa. H0 sd an toin b6n cua xich ban 16 co th6 liy theo bing 3.3. 

Xich ban 16 lam viec an toan hom xich han dong thdi tdc dd chuy6n ddng cflng ldn 
han. Trong mat phing vudng goc vdi chdt xich, xich ban 16 co kha n3ng gap cong tdt 
ndn co thd lam vide dugc vdi cac dia xich co dudng kinh nho song no chi gap dugc 
theo mdt chi6u va khdng lam vide dugc vdi tang. Die biet xich ban 16 co the dung tdt 
trong mdi trudng co nhiet dd cao va cac phan xudng hoa chat. Xich bin 16 co trQng 
lugng ridng ldn (ning han xich han tdi 20 -5- 30% khi co cung tai trong pha hong xich), 
gia thanh cao. 


Bang 3.3. He so an toan cua xich ban le 


Di6u kien lam vide 

Din d0ng lay 

Din d0ng may 

Lam vi£c 6m, 6n djnh 

5 

7 - 8 

Lam vide cd luc va d$p 

6 

8 - 10 
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Dia xich lam vide vdi xich b£n Id dirge chd' 
tao tCr thep due hoac thep Ct4, Ct 5 va co 
hinh dang nhu mOt banh ring ma cac day cua 
khe rang co hinh vong cung nhu chd't xich 
(hinh 3.27). Khi an khdp cac rang cua dia 
xich nam trong cac ma xich con cac chd't nam 
trdn cac day cua khe rang. 

Duong kinh dia xich tinh den tarn chd't 
xich dugc xac dinh theo edng thuc: 



Hinh 3.27: Dia xich dung cho xich bdn li 


D =-i- (3.40) 

. 180° 

sin- 

Z 

Trong do: 
t - bude xich; 

Z - sd' rang cua dia xich (Z = 8 12). 


So sanh cap va xich: 

Dua vko cac yeu c£u chung dd'i vdi cap va xich dd so sanh ta tha'y cap c<5 nhidu uu 
diem hon so vdi xich. 


Cap an toan hon so vdi xich. Cap hdng do moi ndn no khdng bi dirt ddt ngOt nhu 
xich ma dut d£n tung soi trong qua trinh lam vi£c. Cap co thd chiu dugc tai trpng va 
dap, chan dQng con xich thi chiu rat kem. 

Cap co thd ud'n cong dugc theo moi phuong song no ddi hdi dudng kinh tang va puli 
ph£i ldn lam tang kich thude va trong luong may. 6 nhidt dd cao sue bdn cua cap gi^m 
rat nhanh. 


Cap lam vide dm, khdng 6n vdi td'c dd nhanh edn xich lam vide gay 6n va chi lam 
vide vdi td'c dd tha'p. 

Cap chiu dugc tai trpng ldn, trong luong ban than nhd. Khi co cung tai trong pha 
hdng, xich han nang hon cap 7 -s- 11 ldn con xich ban le nang hon tir 9 + 13 lan. 

Trong qua trinh su dung, bao quan, nd'u dung cap dung kl thuat thi dd bdn lau cao, 
gia thanh tha'p. 

Nhu vay so vdi xich, cap hon h&n vd nhidu mat nen cap dugc su dung ph6 bid'n hon. 
Xich thudng dOng trong cac co ca'u co td'c do lam vide thap, chidu dai truydn ddng ngan 
va trong mdi trudng nong, trong phan xudng hoa chat. 


§3.3. THlfiT BI DUNG VA PHANH 

Thid't bi dung la mdt co ca'u dung dd gid vat nang d trang thai treo, khdng cho vat 
ha xudng dudi tac dung cua trpng luc. No chi cho phep true cua co c^u quay theo chidu 
nang vat. Thid't b\ dung khdng phat sinh nang lugng dd dimg, no ham chuydn dOng do 
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nguyan li lam vi£c. No chi c6 tac dung dung chuyOn d6ng cua co ca'u, kh6ng cho tu 
quay theo chiOu nguoc lai chu khOng co tac dung dilu chinh tdc dO chuyOn dOng cua 
co ca'u. Trong may x£y dung thuong dung phd bi6'n hai loai: thiS't bi dung banh coc va 
thia't bi dung con lan. 

Phanh la thiO't bi dO ddng han chuyen dOng hoSc han chO tdc d6 cua co cau. Khac 
vdi thia't bi dung, phanh phat sinh ra nang luong de kh£c phuc d0ng nang cua may hoSc 
gift vat d d0 cao nao do. 

Theo ka't cau co cac loai phanh ma, phanh dai, phanh dia, phanh non, phanh ly tarn. 

Theo tac dung cua be mat lam vi6c co phanh thuong dong va phanh thuong mo. 

Theo nguy6n tic diOu khign co phanh diOu khien tu dong va phanh dieu khien bang 
tay gat hay ban dap. 

Theo cdng dung co phanh dung va phanh han chO t6c do. 

Vi6c chon dung loai phanh phu hop vdi tung diOu kien lam viec cu thO co vai tro 
quyOt dinh den muc do an toan cua may khi lam viec. Quy pham quy dinh rat chat che 
viec su dung loai phanh nao cho tung co ca'u cu the va trong nhung trudng hop nao co 
thO khbng phai dung dOn phanh. 

Khi thiOt kO phanh cho m0t co cau nao do cua may, ta phai xac dinh duoc gia tri 
mOmen phanh hop li, tuy thuOc vao gia tri momen xoan tr£n true dat phanh M x , chO d6 
lam viec cua co cau, thdi gian phanh hay quang dudng phanh, dac tinh tai trong. N6u 
mOmen phanh khdng du s6 khOng dam bao duoc an toan, song n6'u mOmen phanh qua 
ldn va phanh d6t ng6t sS gay ra tai trong dOng Ion trong cac chi tiOt cua co ca'u va k6't 
cau thep cua may. Trong trudng hgp chung, mOmen phanh duoc xac dinh tu mbmen 
xoan tr6n true dat phanh M p = M X .J3, vdi he sd an toan |3 phai chon cho phu hop d6 
dam bao an toan va qua trinh phanh duoc 6m diu, khbng gay tai trong d6ng ldn. Trong 
chuong nay ta coi mOmen phanh la thdng sO cho trude d6 tinh toan phanh. 

Trong co cau, phanh thuong dat tr6n true co mOmen xoan nho tuc true d0ng co di 
gmm mdmen phanh m0t each hop li. Trong cac co cau co khdp ndi ma sat thi phanh 
phai dat sau khdp ndi ma sat tuc dat tren true co lien ket cung vdi b0 phan chiu tai 
trong cua co c£u. 

Cac yeu cin chung ddi vdi phanh: 

- Phanh phai co mdmen phanh du ldn vdi dieu ki6n lam vi6c cho trude cua phanh. 

- Dong mo phanh nhanh, nhay, d0 tin cay cao. 

- K6't cau don gian, d6 chO tao va dam bao do b6n cac phan cua phanh. 

- DO kiOm tra, diOu chinh va thay thO nhCrng chi tiet bi mon. 

- Nh6 gon, gia thanh ha, bO mat lam vi6c lau mon. 

3.3.1. Thiet bi dung 

a) Thiet bi dung banh coc 

Thiet bi dung banh coc (hinh 3.28a) g6m banh coc 1 lap trdn true 2 cua co ca'u bang 
then va con coc 3 co true 4 lap tr6n ph&n cO dinh cua co ca'u. Con coc 3 an khdp vdi 
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Hinh 3.28: Thiet bi dung banh coc 

ring cua banh coc 1 va chi cho phep true 2 cua co cau quay theo chidu nang. ha 
vat c£n nha'c con c6c ra kh6i rang banh coc. Dl dam b&o con coc an khdp vdi rang cua 
banh coc co th£ dung 16 xo hoac ddi trong tao luc nen con coc vao rang banh coc. Vi 
tri tam true con coc phai dat sao cho goc tao beri cac duong thang k£ tfir tam true con 
coc va tam banh coc toi diem tie'p xuc gitfa con c6c va rang c6c la goc vudng. 

Banh coc thurang dat tren true nhanh (true d&n d6ng) cua ca cau co mdmen xo£n nh6 
de’ dam bao kich thude nho gon va chiu luc nh6. Tuy nhien, do dac thu cua m6t s 6 ke't 
ca'u ma d m6t sb may, banh coc dugc dat tren true trung gian cua b6 truydn, tham chi 
dat true ti£p l6n tryc tang. Cac thbng sd cua banh coc da dirge tieu chuan hoa. 

Thiet bi dung banh coc lam vi£c co tieng 6n va chiu luc va dap Ion. giam luc va 
dap nguoi ta dung banh coc co m6dun nho hoac dat hai hoac ba con coc lech bude. 
MOt s 6 co cau dung banh coc co ket c£u dac biet lam giam dang ke d6 6n. 

Luc vong P tren rang coc khi thiet bi dung lam viec xac dinh theo cbng thuc: 

P= 2H = 2M, 

D Z.m 

Trong do: 

M x - mOmen xoan cua true dat banh coc; 

D - duong kinh ngoai cua banh coc; 

Z, m - s6' rang va modun cua banh coc. 

Luc vong P co the phan tich lam hai thanh ph&n la luc nen N = P.cosa gay nen luc 
ma sat tr6n b£ mat tiep xuc giua rang coc va con coc, va luc T = P. sina. 

De con coc vao khop dirge voi rang banh coc thi phdi dam b£o didu kien: 

T > N.f ; P.sina > f.P.cosa 

Hay tga > f tuc a > p voi p va f la goc ma sat va he s 6 ma sat gitfa bO mat con coc 
va rang banh coc. 


102 


Vi tri chiu lire nguy hiem ddi vdi con coc va rang banh coc la vi tri khi con coc mdi 
vao khdp (hinh 3.28b), khi do la tiep xuc during. 

Ddi vdi rang banh coc ta phai kidm tra sire bdn canh rang theo didu kien: 

q = ^ < [q] (3.41) 

b 

Trong do: 

[q] - lure phan bd cho phep cua vat lieu banh coc trdn mrit don vi chidu dai, N/cm; 
b- chidu rbng rang banh coc. 

Dd dam b£o chidu dai tie'p xuc ta lay chidu r$ng con coc B ldn hon chidu rOng rang 
banh coc tu 2 ddn 4 mm. 


Dat \\f = b/m, didu kien (3.41) co thd vie't dirdi dang: 

2M, 


Z.m 
m > 




2M y 


, Z, ql . v (342) 

Ndu sd rang banh coc chira bie't ma cho truric D thi co the so dung c6ng thuc sau: 

2M, 


m > V.D.[q] 

Rang banh coc con dugc kidm tra theo sire bdn udn: 


(3.42a) 



^4 * i«], 

b.a" 


vdi b - y.m; a = 1,5m; h = m ta co: 


12M* „ r , ,, 

ct u =--—r < [o] u (3.43) 

2,25.\j/.Z.ni 

Banh coc an khdp trong vdi con coc co cac rang khde hem loai an khdp ngoai vi 
kich thirdc chan rang co the tdi a = 3m. 

Con coc chiu nen va udn ndn dugc kidm tra bdn theo edng thuc sau: 


CT 


P 

B.5 


+ 


6.P.e 

B.5 2 


< [or u 


(3.44) 


Vat lieu chd tao con ede va banh c6c thudng la thep 45 hoac thep 40X co tdi bd mat. 
Khi tinh ung sudt cho phep ta lay he sd an toan bdn bang 6 co tinh ddn tai trQng va dap 
khi lam vide. 

b) Thiet bi dung con Idn 

Thidt bi dung con lan lam vide dua trdn tac dung cua lux: ma sat, khdng gay lye va dap, 
goc quay khi ham nhd va lam viec em. Thidt bi dung con lan (hinh 3.29) g6m vo 1 gan 
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vao ph&n cb dinh cua cor c£u. Trong v6 1 dat ldi 
2 lap vdi true cua ca cau bang then. LOi 2 co 
cac ranh cOn dat cac con lan 3. Khi true ca cau 
cung ldi 2 quay theo chieu nang (nguoc vdi 
chi£u kim d6ng h6), cac con lan lu6n b khe hd 
rdng cua ranh cOn nen true ca cau co th£ quay 
binh thuang. 

Khi quay theo chieu ha, cac con lan bi day 
vao phia hep d£n cua ranh edn va bi ket giiJa vo 
1 va ldi 2 lam true ca ca'u khong quay dugc nfra. 
Lo xo 5 va chbt day 4 co tac dung lam qua trinh 
ham xay ra nhanh hom. Cac chi tie't cua thieTt bi 
durng con lan dugc lam tu cac loai thep hop kim 
co cr6m va toi b£ mat vdi dd cung HRC 58-64. 



Hinh 3.29: Thiet bi dung con Idn 


Luc nen N tac dung len con lan co thl xac dinh theo edng thuc: 


2M X 

Z.f.D 


(3.45) 


Trong do: 

M x - mdmen xoan cua true ca cau; 

Z - s 6 con lan, thuang lay Z = 4 + 6; 

D - dubng kinh trong cua vo 1; 

f - he sb ma sat giba con lan va ldi, gitfa con lan va vo cua thibt bi dung, thuang lby 
nhu nhau f = 0,06. 

Goc edn a lay theo dieu kien tu ham: 


tg ^ < f hay a < 2p (3.46) 

vdi p - goc ma sat, p = 3°30’ khi f = 0,06. Ngudi ta thudng lay a = 4° vdi cac vat 
li£u k i trdn va dugc xac dinh tir quan he hinh hoc: 


cosa = 


2a + d 
D-d 


Trong do: 

a - khoang each tu tarn true dbn b£ mat cua ranh cOn trdn loi 2 (hinh 3.29); 
d - duong kinh con lan. 

Chi6u dai con lan co the lay trong khoang / = (1 -s- 2)d, ph6 bie'n nhbt la gia tri 


/= l,5d. 


Con lan cd tibp xuc dudng vdi vd va ldi cua thiet bj dung nen ung suat tibp xuc dugc 
ki£m tra bang cac cOng thug sau: 
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- Giua con lkn vk vo thidt bi dung: 


o tx -0,59 t/n.E.D" d< [o] 

V / D.d 

(3.47) 

- Gitfa con lkn vk lOi thidt bi dung: 


0 1X = O,59 t/M e.I< [a] tx 

V / d 

(3.48) 


Trong do: E - m6dun dan h6i 

3.3.2. Phanh ma 


Theo vi tri tuomg ddi gitfa ma phanh vk banh phanh, phanh ma gdm hai loai: phanh 
ma trong va phanh ma ngoai. Phanh ma trong duqrc dung chu yeu trong 6t6 vk lk loai 
phanh thuang md. Luc ma phanh la l\rc 16 xo cdn luc dong phanh dd dung chuydn d0ng 
la nha ban dap qua he thdng truydn dOng cor khi, thdy luc hokc khi nen. Phanh mk trong 
dugc giai thieu trong giao trinh "6t0 - may keo". 

Trong cac loai may nang, may dong coc, may khoan... dOng phd bidn loai phanh hai 
ma ngoai dkt ddi xung vai banh phanh, khdng gky udn true vk cho mOmen phanh theo 
hai chidu quay bkng nhau. Su da dang cua loai phanh nay duqrc thd hidn bang cac sa 
d6 hd tay don dong ma phanh khac nhau va thuang Ik loai phanh thuang ddng. Luc 
dong phanh duqrc tao nen bdi 16 xo hokc ddi trong, con lye ma phanh c6 thd dung nam 
chkm didn, con day thdy luc hokc bang tay nha tay gat hay ban dap. Trong muc nky ta 
chi giai thieu m0t sd loai phanh hai ma ngoki didn hinh trong may xky dung vk gpi 
chung lk phanh ma. 

Khi ep ma phanh vao banh phanh, luc ma sat gi&a chung tao ra m6men phanh. D6ng 
nang cac phan quay cua ca cku chuydn thanh nhiet nkng 1km mon vk nong ma phanh 
cung banh phanh. Vi vky khi tinh toan ma phanh (va bd mkt ma sat cua ckc loai phanh 
khac), ta phai kidm tra hai didu kidn sau: 

- Ap luc rieng cua ma phanh len banh phanh kh6ng dupe vuot qua gia tri cho phep 
ung vai loai vat lieu 1km ma phanh. Truang hap nguac lai, ma phanh se bi m6n rkt 
nhanh so vai tudi tho cua no. Trong tinh toan, nguai ta thudng lay gik tri ap luc trung 
binh bkng luc ep ma phanh len banh phanh chia cho didn tich tidp xuc gitta chung vk 
so sanh vai gia tri ap luc cho phep. 

- Nhiet nkng sinh ra trong qua trinh phanh khOng vuqrt qua gia tri cho phep ddi vai 
tumg lo^ii vkt lieu 1km ma vk banh phanh. Didu ki£n nky khOng dam bao sd 1km ma 
phanh bidn chat, he sd ma sat gikm vk phanh mkt dn dinh, kh6ng dam bko an toan. 
Didu kien kidm tra nhu sau: 

p.v < [p.v] 

Hoke f.p.v < [f.p.v] 

Trong do: 

p - ap lyre trung binh cua mk phanh len banh phanh; 

v - tdc dp trupt cua ma phanh trdn bknh phanh; 

f - he sd ma sat. 
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De? giim kich thirdc cua phanh, giim lire phanh va tao m6men phanh ldn, ngirbi ta 
sir dyng loai vat li$u chuydn dung iam ma phanh c6 hd sd' ma sat cao, chiu mai mon 
td't va 6n dinh d nhi$t dO tirang dd'i cao. NhChig ta'm bang nhy dirge gSn vao ma phanh 
bang cac dinh tin bang d6ng sao cho cac d£u cua dinh tan thut vao so vdi mat bang vh 
b&ng mOt nura chi£u day bang. Hidn nay ngiroi ta thirdng g£n bang ldn ma phanh bang 
each dan dp ndng tang didn rich tid'p xuc vdi banh phanh. 

a) Phanh ma kii’u dd'i trong 

Phanh ma ki£u dd'i trong (hinh 3.30) g6m banh phanh 1 dirge lap trdn true phanh 
bang then, cac ma phanh 2, h£ thd'ng tay don 3, nam cham di^n tir c6 hanh trinh ldn 4, 
dd'i trong 5 va han chd' hanh trinh 6. 

Phanh ma ki£u dd'i tr<?ng la loai phanh thirdng dong va lire dong phanh do dd'i trgng 
5 gay lire kdo R lam cac tay ddn phanh ch|u lire tac dung P ap cac ma phanh vao banh 
phanh vdi lire ep N. Nam cham didn tur 4 dugc m£c song song cung mach vdi ddng co 
cua co ca'u. Khi co ca'u lam vide, nam cham 4 co didn hut tay don co dd'i trong di ldn 
lam cac ma phanh md ra, co 
ca'u co th£ lam vide binh 
thirdng. Khi co cku ngdng iam 
vide hoac do sir cd' mat didn, 
nam cham 4 ngdng hut va 
phanh dirge ddng lai nhd dd'i 
trgng, dam bao an toan cho 
may. Loai phanh ma ki£u dd'i 
trong cd so d6 nhu hinh 3.30 
dung nam cham didn tir vdi lure 
hut khdng ldn song phai cd 
hanh trinh ldn. Vi vay ngiroi ta 
cbn goi la phanh ma vdi nam 
Cham di$n tir hinh trinh lan. Hmh 330 Phanh m ,r <"■« 

Phanh ma kiSu dd'i trong khdng gay ud'n true phanh, cd thd’ tao ndn mdmen phanh 
ldn song cd hd thd'ng tay ddn phire tap, edng k6nh. Do dd khi iam vide phanh gay bid'n 
dang tay ddn ldn, cd qudn rinh ldn va hi$u sua't th^p. Hidn nay phanh ma ki£u dd'i trgng 
dirge su dung ra't han chd'. 

Goc dm cua ma phanh ldn banh phanh thirdng la'y (3 = 60° 110° (ph6 bid'n la gia 

tri (3 = 70°). Durdng kinh banh phanh D va chi£u rOng ma phanh B dirge chon tDy theo 
mdmen phanh tir didu ki$n ki£m tra ap lire trung binh cua ma phanh ldn banh phanh. 
D6 dam bao di$n rich tid'p xuc gitta ma phanh \k banh phanh, chi£u rdng banh phanh 
thirdng la'y ldn hon chidu rOng ma phanh B tir 5 ddn 10 mm. Khi tinh toan phanh ta edn 
phai xac dinh trong lugng dd'i trQng G va lire hut cua nam cham P nc . 
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Lire n6n c&n thi^t N d€ tao mdmen phanh M p Id: 

N= Mr 


/, M p 

p = _L. n = 

/ f.D 


f.D 

Trong do: f - he sd ma sdt gitfa ma phanh vd banh phanh 
Xet can b&ng mdt tay ddn phanh ta c6: 

h 

l 

Xet can b&ng tay truy£n lure hinh tarn giac bang each lay mOmen ting vdi didm 0: 

M p cT, 
a .1 

Xet can bang tay ddn nlm ngang co ddi trong (khOng k£ de'n trong lirqrng tay don 
va trong lirgng ngam (ph^n ling) cua nam cham di6n) ta co: 

a M n c./i 

G = R - — = — p - ■ — 1 
Z 3 f.D U 3 

Ne'u tinh de'n hieu sud't truy£n dOng cua he tay ddn (r| = 0,9) thi trQng lirgng din thie't 
cua d6l trong la: 


R = P- = 

a f.D 


G = 


M„ c./i 


f.D.r| l.l 3 

Luc hut can thie't cfla nam cham di md phanh: 


P nc = k.G.^ = 


c.l | 

ir 2 


(3.49) 


(3.50) 


l 2 f.D.r| 

Trong do: k - he s 6 virgt tai, cd th£ lay k = 1,5 d^ khac phuc quan tinh cua dO'i trgng. 

Khi md phanh, hanh trinh cua nam cham dien la h p , dam bdo cho cac md phanh ma 
ra vdi khe hd e. Ne'u khOng ki tdi t6n that do ma sat va bie'n dang cua he tay don thi 
theo dinh ludt bao todn c6ng ta co: 

2-N.e = P nc .h p 

Vdy hanh trinh phanh dirge xac dinh theo cOng thirc: 


h p = 2e. i.JL (3.51) 

i m 

Trong do: 

C./j 

i = - b0i suit cua he tay ddn; 

l.l 2 

m = 0,65 -7- 0,8 - he s 6 Igi dung hanh trinh di bO tru cho do mdn ma phanh, khe hd 
cua cac khdp quay va bie'n dang cua he tay don. 
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b) Phanh md diin tie hanh trinh nhd 

Phanh ma di6n tir hanh trinh nhd do Lien Xd cfl chb tao co ki hieu la TKT da dirge 
tidu chuan hoa, chb tao hang loat va dugc dung phd bibn trong cac ca ebu may. Sor d6 
ca'u tao cua phanh cho d hinh 3.31. 

Day la loai phanh thubng dong. Lire 
dong phanh dirge tao ndn do cac dai be 10 
nen 16 xo chinh 8. M6t dau 16 xo 8 ti vao 
bng bao 13, keo tay don phanh 3 cung vdi 
ma phanh 2 ep vao banh phanh 1. Dau kia 
eda 16 xo 8 day dai be 10, keo thanh day 
14 sang ph&i, qua cac dai be 12 keo tay 
don phanh 5 cung ma phanh 4 ep vao banh 
phanh 1. 

Khi ca cau lam vide, nam cham 6 co 
didn hut tay ddn 7 va dby thanh dby 14 
sang trai, dubi tac dung cua 16 xo phu 9, 
tay ddn phanh 5 cung ma phanh 4 md ra. 

Tay don phanh 3 va ma phanh 2 dudi tac 
dung cua trong lugng nam cham edng md 
ra cho dbn khi han chb hanh trinh 15 cham 
db phanh. Khi van dai be 11 sang phai, thanh d£y 14 dich dan sang trai ep 16 xo 8 qua 
dai be 10 va hai ma phanh tur tir md ra (tirang duimg vdi trirbng hgp nam cham 6 lam 
vific). Tibp tuc van dai be 11 sang phai db md ma phanh to han trong trirbng hgp c£n 
sira hoac thay ma phanh. O trang thai lam vi6c binh thirbng cua phanh, dai 6c 11 phai 
van sang trai vb vi tri cfl. M6men phanh tao n6n do 16 xo 8 bi nen, vi vay co thb dibu 
chinh m6men phanh nhb cac dai be 10. Hanh trinh phanh dirge dibu chinh bang dai be 
12 va cai han chb hanh trinh 15. 

Phanh ma dibn tur hanh trinh nhd co hieu subt cao, dong md nhanh nhay, nhd gon, 
trong lirgng va quan tinh be. Nhugc dibm cua phanh la ti sb truyen cua hb tay d6n 
kh6ng ldn nbn khd tab dugc mdmen phanh ldn va khdng dibu chinh dugc tbc db hut 
eda nam cham ndn qua trinh phanh xay ra kh6ng dm diu. 

Luc P cbn thibt dat d ddu cac tay don phanh 3 va 5 db tao mdmen phanh M p la: 

p_ M p 1 , 

f.D.ri / 

Trong do: 

r| - hibu suat cua tay don; = 0,95 vdi khdp xoay co bdi tran va rj = 0,9 vdi khdp 
xoay khdng bdi tron. 



Hinh 3.31: Phanh md diin tu hanh trinh nhd 
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(3.52) 


Lire diy cua 16 xo chfnh 8 6i tao m6men phanh: 

P c = P + P p + 

a 


Trong do: 

P p - luc nen 16 xo phu 9, P p = 2 + 8 kG; 

M n - m6men do trgng lugng phan ung cua nam cham di£n gay ra tr6n tay d6n 7. Khi 
mo phanh, nam cham 6 lam vtec lam 16 xo chinh 8 chiu lire nen Ion nh£t P raax la: 


Trong do: 


Pmax = Pc + 2e. Lc 

h 


(3.53) 


2e. — - d6 nen cua 16 xo chinh khi cac ma phanh m6 ra voi khe h<5 e; 

(| 

C - d6 cirng cua 16 xo chinh 8. 

Gia tri P c va P max tinh theo (3.52) va (3.53) la cac th6ng s 6 cin thiOt 66 tinh 16 
xo chinh. 

M6men ung voi khdp xoay cua tay don 7 ma nam cham c£n tao ra khi lam vi$c 66 
md phanh la: 


= P 


nc x max 


.a = ^P + P p + ^ + 2e.l.Cj.a 


Thanh ph£n P p va M n /a nho so veri cac thanh ph£n khac co thl b6 qua. Vi vay: 


M 


nc 


= ( 


P + 2ei.Cla 

/, 


(3.54) 


Hanh trinh phanh dirge tinh tirong to nhu dO'i vod phanh ma ki6u dOi trong: 


h. = 2 e . i-. J- (3.55) 

/j m 

Trong d6 he sO lgi dung hanh trinh m = 0,8 -5- 0,85. 

Dua vao M nc va h p 66 chon nam cham dten. 

c) Phanh ma diin - thuy luc 

Phanh ma dten - thuy lire (hinh 3.32) la loai phanh thudng dong. L6 xo 6 bi nen, 
ddu dudi cua no qua cac dai 0c 9 keo dau trai cua tay truy&n lire 5 di xud'ng lam xu£t 
hi6n cac luc P 6 d£u cac tay don phanh 3 ep cac ma phanh 2 vao banh phanh. C6 thte 
dteu chinh mftmen phanh bang each van cac dai 6c 9 d£ thay ddi luc nen 16 xo 6. 

Khi co c6u lam vtec, con dly dten - thuy luc 7 6&y d<lu trai cua tay truy£n luc 5 di 
ten, 16 xo 6 dugc 6p lai. Qua thanh d«ly 4, tay d6n phanh va ma phanh ben phii md ra 
cho de'n khi cai h^n cite hanh trinh 8 cham 66 phanh thi tay d6n phanh va ma phanh 
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Hinh 3.32: Phanh ma dien - thuy luc 


b€n trai diroc mo ra. Cac dai 6c tr6n thanh day 4 va cai han che' hanh trinh 8 dung de 
di£u chinh khe h6 e va d£ cac ma phanh mg d6u ra hai ben. 

Luc P c&n thi£t dat a cac dau tay don phanh di tao m6men phanh M p la: 


Mp 

f.D.T] 


h 

l 


Xet can bang tay truydn luc 5 khi phanh & trang thai dong bang each lay m6men ung 
vai di£m A, ta xac dinh dugc luc 16 xo can thi£t d£ dong phanh: 


p p a + b.tga = (a + b tga) 

c f.D.Tl.C./ 


(3.56) 


Trong c6ng thuc (3.56) ta bo qua cac thanh phan luc nho la : trong lugng ban than 
tay truydn lye 5, trong lugng phdn chuy^n d6ng cua con d£y di£n - thuy luc (pittdng 
va c£n day). 

Luc ddy cua con diy di^n - thuy luc P, de thdng lire 16 xo trong qua trinh mo phanh la: 


P t = P/ • — = 1 . (a + b.tga) 

d f.D.q./.d 


(3.57) 


Hanh trinh c&n thiet cua con ddy dien - thuy luc dugc xac dinh tuemg tu nhu vdi loai 
phanh d6i trong: 

U 2e./.d _ _ A O . A OC ('I 


ti.m./,(a + b.tga) 


vai m - 0,8 -e- 0,85. 


(3.58) 


Phanh ma di$n - thuy luc khac phuc dugc nhugc di£m cua phanh ma dien tu. Con 
dly dien - thuy luc co th£ dieu chinh dugc t6c dO ddy lam qua trinh phanh xay ra 6m 
dju va kh6ng bi giat. Loai nay ngay ckng dugc su dyng r6ng rai. 

Con diy di$n - thuy luc (hinh 3.33) g6m dOng ca dien 1 co c6ng sudt nh6, v6 6 trong 
d6 c6 dat bam li tarn 2 lap vai true dong ca 1, pitt6ng 3 vai din day 5 chuy£n d6ng 


trong xilanh 4. Khi ca cau lam viec, d6ng ca 
quay berm li tarn lam diu d phia tr6n pittbng 
chuy^n dan xuong phia dudi pittbng va nang 
pittdng cung cin diy l6n. 

Khi tit d&ng ca, bam li tarn dimg va dudi 
tac dung cua ngoai lire l£n can day 5 va trong 
lirgng ban than pittbng ma no ha xuong, dau 
ttr phia dudi chay l£n khoang tr6n. 

Con day dien - thuy lire co do tin cay cao, 
d£ sir dung song doi hoi che tao chinh xac, 
phdt chan dau tot dam bao do kin khft de 
khdng bj chay dau. D6 lech cho phep cua can 
day so vdi phirang thing dung khi lam viSc 
khbng qua 15°. 

3.3.3. Phanh dai 

Phanh dai gom mot dai thep khbng quay 
bao quanh banh phanh vdi goc om a. Luc 
phanh tao ra nhd ma sat giua dai va banh 
phanh. De tang ma sat giua dai va banh 
phanh, ngudi ta gin len dai thep mot ldp lot 
bang g6, da hoac amiang. 

Luc dong phanh la lire 16 xo, d6i trong 
hoac sue ngudi. Luc md phanh la luc hut nam 
cham di6n hoac lire dan ddng bang thuy lire, 
khi nen. 



Hinh 3.33: Con day dien - thuy luc 


Xet qua trinh lam viec cua dai tren banh 
phanh (hinh 3.34). Theo c6ng thuc Ole ta co 
lire cang dai S tai diem co goc om 3 la: 

S = S e 1 ^ 

^ ^mirr ^ 

Trong do: f - h£ sd ma sat giua dai va banh 
phanh 

Vdi (3 = a ta co S max = S min .e fa 

M6men phanh tao ra tren banh phanh do 
lire ma sat la: 



Mp — (S max S m j n ). ^ 


Hinh 3.34: Scr d6 luc tac dung 
cua dai lin banh phanh 
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Tu cac bi£u thuc trfen ta tim duoc gia tri lire cing S max , S min c&n thi£t & cac diu dai 
di tao mdmen phanh M p : 


Q - 
^max — 


C - 

^ ml n — 


2M d e 


fa 


D e fa - 1 
2 M d i 


D e fa - 1 


(3.59) 

(3.60) 


TrSn m$t dai, tu di£m co luc c£ng S vdi goc 6m p ta tach mOt cung gidi han bdi gdc 
dp v6 edng bd (hinh 3.34), lye eSng dai a didm cu6i cung dp Ik S + dS va ap lire 16n 
dai dN g^y lire ma sit f.dN. Xet can bang phan td' dai da tach ta co: 

Zy = 0 

dN - S.sin^ - (S + dS) . sin^ = 0 
2 2 


do gdc dp v6 ciing bd n6n ta lly sin 


= d| 
2 2 


va do do: 


dN - S- - S. _ dS . ^ = 0 
2 2 2 


B6 qua thanh ph&n v6 cung be bac cao dS . ^ ta co: 

dN = S.dp 

Ap luc ridng cua dai Idn banh phanh tai didm co gdc 6m p la: 

dN = S .dP = 2S_ 

" dF "f.dp. B ' DB 

Trong do: B - chidu rOng cua dai phanh. 

Theo (3.61) ta co: 


_ _ ^max . _ ^min 

r max ~ _ » Pm in ~ 


D.B 


D.B 


(3.61) 


a) Phanh dai tSng hop 

So d6 ca'u tao cua phanh dai tdng hop cho d hinh 3.35. 

Ta tmh m6men phanh M p cho ca hai chidu quay cua banh phanh (ha va nang) bang 
each xet can bang tay ddn n^m ngang khi lay m6men cac luc ung vdi didm 0: 

ha. S min .a, + S max .a 2 = (G t .b + G n .c + G.d).q 

^ng: S max .a, + S min .a 2 = (G,.b + G n .c + G.d).r| 

Trong dd: 

G t - tn?ng luong tay ddn; 

G n - trong lugng ngam hut cua nam cham dien; 
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G - trQng luung dd'i trong; 

r) - hi£u sudt cua tay don, q = 0,9 4- 0,95. 

Thay gia tri S max = S min . e fa vdo cac phuang trinh tr6n ta tim dupe: 
hs. S m j n — — ■ (G t .b + G n .c + G.d) .T| 

nang: S min =-1-. (G t .b + G n .c 4 G.d) .q 

a | .e 4 a 2 

Vay m6men phanh ling vdi m6i chidu quay la: 

M? = (e r ° - 1) ■ 2 . S mi „ = - ef ° ~ L f - . (G,b + G„.c + G.d). £ (3.62) 

2 a, + a 2 . e 2 

MJ"" 8 = e f ° - 1 (G[ b + Gn c + G.d) .n . ^ (3.63) 

Si[ . c *4 a 2 2 

Nhur vay gia tri mOmen phanh theo hai chidu quay la khac nhau. Cu the ia: 

M£' = a i . e fq + a 2 # 

Mj ang a, + a 2 . e fot 

Khi a,>a 2 ta co > Mj ang . Trtrang 
hap nay t6't nhat ia dung cho ca cau nang 
vdi cac chidu quay nhir d hinh 3.35 vi co 
ca'u nang khi ha y6u ciu m6men phanh 
lan han khi nang. 

Doan dai u6'n cong 6m I6n banh 
phanh vai gdc 6m a c6 chidu dai Ra khi 
phanh d6ng va (R+g)a khi phanh md. 

Vi vay hanh trinh dich chuydn cua hai 
ddu dai phanh khi phanh tCr trang thai 
dong sang trang thai md la: 

A, + A 2 = (R+e)a - Ra = ea 

Aj A-j 

Mat khac theo quan h6 hinh hoc thi — = — n6n: 

3| a 2 


Aj = e.a.- - — ; A 2 = e.a .-——— 

a, + a 2 aj + a 2 

Phanh dai co m6men 6n dinh la phanh dai tdng hap c6 a, = a 2 = a va vi vay ma 
mOmen phanh theo hai chidu quay bang nhau, hanh trinh dich chuydn hai ddu dai khi 
phanh dong md cOng bang nhau: 
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e lu - l 

M„ = -=-— 

a( 1 + e !u ) 


^-.(G,.b + G n .c + G.d).n.y; 


A A OUt 

i — A-> — —“■ 

“ 2 

Loai phanh nay dung thich hqp cho cac ca cau di chuyen va quay, khong thich hqp 
cho ca cau nang. 

b) Phanh dai don gian 

Phanh dai dan gian la phanh dai tdng hap co a 2 = 0 (hinh 3.36). Bang each tinh tirang 
tir nhir vdi phanh dai tong hap ta co: 

Mp‘ = ~ -i .,(G t .b + G n .c + G.d).r|. — ; 

a i 2 

M ?“ s = —“ • ( G . b + G " c + G d)- 1 ! • ~ : 

a. . e a 2 


M™ nE 

Nhir vay phanh dai dan gian ludn 
co Mp (l > M" ang va chi thich hap 

dung cho ca cau nang vdi cac chieu 
quay nhir d hinh 3.36. 

Hanh trinh dau dai khi phanh: 

A, = e.a 

c) Phanh dai vi sai 

Phanh dai vi sai (hinh 3.37) co tay 
don a 2 nguqc ve phia doi di6n so vdi 
loai phanh dai tdng hap. Bang each 
tinh tirang tir nhir doi vdi phanh dai 
tdng hap ta co: 


fix 1 

= e 
a, - a,. e 1 



^max 

WngS^n 


\HaS m/n 

$max. 



Hinh 3.36: Phanh dai dem gian 


(G t .b + G n .c + G.d).q . — ; 

9 


M,r g = ef “ 1 . (G,b + G,c + G.d).ri . 2 . 

a, . e - a-> - 


Tir cac bidu thirc tr6n ta thay neu a,/a 2 ~ e fa thi co the tao ra momen phanh vo cung 
Idn va xay ra hien tirang tir ham. Do co the tao momen phanh Idn vdi lire dong phanh 
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nhd ma phanh dai vi sai khdng dhng 
cho tdi din ddng may ma thirdng chi 
dung cho toi tay va dong mo phanh 
bang tay. 

Dt? phanh c6 the lam vi$c binh 
thirdng ph^i d&m bao a, > a 2 . e la . Co 
the’ chon sa bo a 2 = 3 t 5 cm va a t = 
(2,5 -f 3)a 2 . Sau do kiem tra lai xem 
co xay ra hi6n tirgng tir ham khong. 
Phanh dai vi sai cho ta ti so: 

Mj/ = a, .e ff ‘-a, 
a, - a,. c'“ 

Vi vay phanh dai vi sai cung 
khdng thich hop cho cac co cau can 
mftmen phanh theo hai chieu nhir 
nhau. 



Hinh 3.37: Phanh dai vi sai 


Hanh trinh cua cac dau dai phanh khi dong md dirge xac dinh tir h£ phuong trinh: 
A, - A 2 = ea 
< A[ — A 2 
a | a 2 

Suy ra: 


A, = e .a. 


At = £ .a. 


a-? 


a 2 


a, — 


d) Phanh dai tdc dung hai chieu 

Trong phanh dai tac dung hai chieu (hinh 3.38) dau dai cO dinh, tuy thuoc vao chidu 
quay cua banh phanh, chuydn tir dciu nay sang dau kia. Nhir v«ty, dau dai co lire c&ng 
S max ludn la dau co dinh va lire tac dung de dong phanh luon d dau dai co lire c£ng 
nhd S mln . 



Hinh 3.38: Phanh dai tdc dung hai chiiu 








Khi banh phanh quay theo chieu kim dong ho (hinh 3.38a), diem tira cua tay don 
dieu khien 1 ndi vdi dau dai co lire cang S max tira vao ranh tren ciia phan c6 dinh 2 
(diem A) tao thanh khdp xoay. Khi thay doi chieu quay cua banh phanh (hinh 3.38b), 
diem tua vdi lire c£ng dai S ltKlx chuy6’n xuong ranh dirdi cua phan c6' dinh 2 (dieim A’). 
Nhir vay momen phanh kh&ng phu thuoc vao chieu quay cua banh phanh ma lure tac 
dung de tao momen phanh P khong doi. Do do lire can thiet de dong phanh giam so 
vdi phanh dai tong hop. 

Phanh dai dirge sir dung rong rai do ket can don gian, gon nhe, co the* tao dirge 
momen phanh Ion bang each tang goc om a. Trong may xay dung sir dung chu yeu loai 
phanh dai don giun. Tuy nhien, trong mot so ioai may, phanh ma dugc su dung nhieu 
hon do phanh dai co cac nhugc diem sau: 

- Phanh dai gay udn true phanh, ap lire ciia dai len banh phanh phan bd theo 
ham e lu va vi vay do mon cua chung cung theo quy luat do. 

- Phanh dai co momen phanh khong on dinh. Mot sir thay doi nho ciia he s 6 ma sat f 
dan tdi sir thay doi Ion cua momen phanh. 

- Dai phanh dirt se dan tdi tai nan. Vi vay do tin cay trong sir dung cua phanh dai 
kem hon phanh ma. 

e) Tinh todn phanh dai 

Do co the tao nen momen phanh rat Ion ma phanh dai thudng dugc dat tren true co 
toe d6 thap. Trong truong hgp nay co the’ bo qua phep tinh kie’m tra phat nhi6t cua 
phanh ma chi tien hanh kiem tra ap luc rieng cua dai len banh phanh: 

2S 

p = (3.64) 

B.D 

Gia tri [pJ doi vdi mot so loai vat lieu lot dai phanh co the tham khao d bang 3.4. 


Bang 3.4. Gia tri [p] doi vdi phanh dai 


VAt lieu 

[p], kG/crrr 

Tam lot dai 

Banh phanh 

Phanh dung 

Phanh han chd tdc d6 

Thep 

Gang hoac thep 

15 

10 

Amiang 

Gang hoac thep 

6 

3 

Pher&do 

Gang hoac thep 

8 

4 

G6 

Gang 

6 

4 


Duong kinh banh phanh D va chidu rong dai B dirge tinh tCr dilu kien (3.64) vdi he 
sd \|/ = B/D cho trude. Co the tham khao de chon so bo cac thdng sd hinh hoc cua phanh 
theo mOmen phanh M p nhu sau: 


i 16 














M p , kG.m 

70 - 86 

140 - 160 

180 - 210 

285 + 400 

D, mm 

200 - 250 

300 - 350 

400 + 450 

500 - 700 

B, mm 

70 

90 

90 

110 

6, mm 

0,8 

1,0 

1,25 

1,5 


Trong lirgng ddi trong G can thie't de tao momen phanh M p dirge xac djnh bang each 
xet can bang tay don nam ngang vdi cac lire cang dai S max , S mjn tuy theo chieu quay 
cua banh phanh. Ta xac dinh G cho ca hai trudng hgp nang va ha. Trong lirgng tinh 
toan cua ddi trong co gia tri lan cua mdt trong hai gia tri tim dugc. 

De tinh luc hut can thfet cua nam cham dien khi md phanh ta cung xet can bang tay 
don nam ngang trong trang thai phanh md (dai phanh khong co lire cang) vdi ddi trong 
co gia tri tinh toan da xac dinh. Luc hut tinh toan de chon nam cham dien co gia tri 
bang lire hut tim dirge nhan vdi he sd vugt tai (tinh den hieu suat va bien dang cua 
tay don). 

Hanh trinh can thidt ciia nam cham dien de md phanh la: 

h p = A, . —-L ; (3.65) 

a | m 

vdi he so lgi dung hanh trinh m = 0,8 -5- 0,85. 

Chieu day dai phanh 5 dugc tinh theo sue ben keo: 

5 > -^- (3.66) 

(B - n.d).[a] k 

Trong do: 

n - sd dinh tan tren mat cdt tinh toan; 

d - dudng kinh dinh tan; 

[a] k - ung suat cho phep theo keo: ddi vdi dai thep lot amiang [aj k = 80 -5- 100 N/mtrr; 

, *) 
ddi vdi dai thep khong lot, true tiep chiu mai mon [cf] k = 60 N/mm'. 

Dau dai ndi vdi khdp ban le tren tay don thudng co them vit keo de dieu chinh khe 
hd e khi Idp lot dai mon va bu trir sai sd che tao (hinh 3.39a). Dau dai kia dugc cd dinh 
bdng chdt (hinh 3.39b). 



Hinh 3.39: Co djnh cue dau dai 
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Dai phanh phai bao dam dS udn cong d£ co ti£p xuc tbt vdi banh phanh. N6u dai cd 
dd day ldn (5 > 6 mm) thi ndn dung hai dai mong ghep lai bang ban le. 

Cac mbi ghep dinh tan dung d£ c6 dinh dau dai (hinh 3.39) dirac tinh theo sue b£n 
cSt va dap vdi lire tinh toan la lire cang dai ldn nhfft S max . 

3.3.4. Phanh non va phanh din 

Phanh non va phanh dTa la hai loai 
phanh dien hinh cua phanh ap true. Trong 
cac phanh nay, lire tac dung d£ tao mdmen 
phanh la lire doe true do 16 xo, dbi trong 
hoac sue ngudi gay n6n qua h6 th&'ng tay 
don hoSc h& truyen ddng thuy lire, khi nen. 

So d6 tinh toan phanh non cho 6 hinh 
3.40. DTa non ngoai 2 lap bang then trdn 
true phanh 1. DTa non trong 3 khdng quay 
va djeh chuyen doc true phanh vdi luc ep 
P do 16 xo qua tay don 4. Ban kinh trung 
binh ciia mat ma sat R tb lay theo ydu cau 
ve kbt cau. Quan he giira ban kinh ngoai 
va ban kinh trong ndn lay R n = (1,2 4- 
l,6)R f . 

De tranh ket mat non, goc non p/2 phai 
, , , , , , „ Hinh 3.40: Sa do tinh toan phanh non 

Ion han goc ma sat p cua cac mat tidp xuc. 

tg^>l,2f (3.67) 

thuerng lay p = 16° -*■ 25°. 

Luc doc true can thibt de tao mdmen phanh y6u cau M p la: 

M p . sin ^ 

P = - 2 (3.68) 

Rtb-f 

Luc T can co cua 16 xo <3i dong phanh: 

T = — — 
t) b 

vdi Tj = 0,9 -r 0,95 - hidu subt tay don. 

Chieu rdng mat non xac dinh theo ap luc cho phep cua mat ma sat [p]: 

B =_ l _ 

2n.R tb .[p].sin^ 
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Phanh dia c6 nguydn U hodn toan gid'ng nhir phanh non. Co thd coi phanh dta la 
phanh non vdi goc non p/2 = 90°. 

Phanh dia va phanh non vdi mdt mat ma sat kd trdn it dupe dung vi chung doi hoi 
lye phanh P ldn. Dd giam lire phanh, ngirdi ta thudng dung phanh dia vdi nhidu mat 
ma sat (hinh 3.41). 


A-A 



H'tnh 3.41: Phanh dia 


Phanh g6m cac dta ma sat 5 khdng quay va co thd dich chuydn doc true theo chdt 
dan hirdng 1. Trdn cac dia 5 co gan cac bd mat ma sat 6. Cac dia thep 7 khdng co bd 
mat ma sat lap bang then hoa vdi true phanh. Phanh dong nhd lure 16 xo 4 ep cac dia 5 
vdo cac dia 7. Phanh md nhd nam cham didn 3 vdi ngam hut 2 gan c 6 dinh tren dia 5. 
Cac bd mat ma sat co thd lam vide khdng co bdi trail, b6i Iran bang md hoac trong 
bd ddu. 

Ban kinh trong R, cua be mat ma sat chon nho nhat co the theo ydu cdu kdt cdd. Ban 
kinh ngoai thirdng lay R n = (1,25 4- 2,5)R ( . De dam bao bdi tran td't, cac dia lam viec 
trong bd ddu, nSn lay R n - R, < 60 mm. 

Luc doe edn true edn thidt dd tao mdmen phanh yeu cdu: 

M 

P =-P— (3.69) 

ZR,( v f 

Trong dd: 

Z - sd ddi mat ma sat ; 

f - hd s6 ma sat ; 

R lb - ban kinh trung binh. Ndu coi edng do ma sat 6 moi didm cua bd mat tidp xuc 
nhu nhau, R tb = (R n + R,)/2. 
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(3.70) 


Ap lire tren be mat ma sat phai kiem tra theo c6ng thiic: 

p = -f- r < [pj 

Tt.(R--Rr) 

Ap lire cho phep cua mot so loai vat lieu trong phanh ap true eho a bang 3.5. 


Bang 3.5. Gia tri ap lire cho phep [p] doi voi phanh ap true, N/mm' 


Vat li£u ma sat 

KhOng 
bbi trem 

Boi tran 
bang mo 

Trong 
be dau 

Kim loai tren kim loai 


0,4 


Vat lieu ma sat det hay dan tren kim loai 

0,3 


11 a ■ 

Vat lieu ma sat can ep tren kim loai 

0,6 

1,0 

1.2 


Birdc dich chuySn cua dm ep ngoai cung: 

h = A.i 

Trong do: 

A - khe ho trung blnh giira cac dla ; voi dla co lot vat liSu ma sat A > 0,75 mm, vbi 
dla kim loai khb A > 0.5 mm, voi dla kim loai lam viec trong be dau A > 0,2 mm ; 

i - so lirong dla ma sat. 

Hien nay tren may xay dirng thuong dung loai phanh dTa ham bang ma phanh. Phanh 
gom mot dla kim loai lap tren true phanh va quay cung true phanh gitra hai ma phanh. 
Co the dung hai cap ma phanh dat doi xirng qua true phanh. Cac ma phanh ep tren hai 
be mat cua dla phanh nhb lire 16 xo hoac din dong thuy lire, khi nen. Tren hinh 3.42 
gioi thieu phanh dla ham bang ma phanh dieu khien bang thuy lire. Khi tac dung len 


2 


b) 


Hinh 3.42: Phanh ilia ham bring ma phanh dicit khien bring thuy lire 
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ban dap phanh, dau co ap di vao khoang xilanh 4 d^y cac pittdng 5 ep cac ma phanh 

2 16n hai mat ben cua dia 1. Cac xilanh 4 cung ma phanh dirge lien ket khdp vdi u c 6 
dinh 3 va nSm doi xung v£ hai phia so vdi dia 1. Khi ngtrng tac dong len ban dap phanh, 
dau trong xilanh khong co ap lire va do dd dan h6i cua ma phanh ma ma phanh cung 
pittdng tach khoi dia 1. 

Phanh dia ham bang ma phanh r£t lien lgi trong sir dung vi rat dd ki£m tra dd mon 
va thay ma phanh (hinh 3.42b). Co the dat hai cap ma phanh doi xung qua true phanh 
de giam tai trong hudng true len true phanh. Do be mat dia tiep xuc vdi ma phanh 
khong ldn, 85 + 90% dien tich b£ mat dia hd nen no co kha nang thoat nhidt nhanh. 

3.3.5. Phanh tir dong 

Phanh tu ddng la phanh dung noi lire cua ca cau de tao lire phanh. Luc phanh do co 
cau tao nen thudng la luc doc true nen trong phanh tu d0ng thudng su dung kdt cau 
cua phanh dia hoac phanh non. 

a) Phanh tu dong v&i mdt ma sat khong tdeh rai 

Loai phanh nay thudng dung trong cac co cau quay tay co truyen ddng true vit - 
banh vlt, dac biet la trong cac palang xich keo tay dung true vit. Luc ddng phanh P la 
luc chieu true cua true vit do vat nang gay n£n. 

Phanh tu dong vdi mat ma sat khdng tach rdi 
(hinh 3.43) g6m cac dia 2 va 4 lap tren true vit 
1 bang then dan hudng, giua chung co banh coc 

3 lap long khdng tren moayo cua dia 2 va co hai 
mat ma sat vdi cac dia 2 va 4. Dia 4 co ngong 
tua len vo cd' dinh 5 cua truyen dong true vit - 
banh vit bang 6 dd - chan. Banh coc 3 chi cho 
phep quay theo chi^u nang vat. 

Vat nang Q gay ra rndrnen tai tren banh vit 
cua bd truyen, mdmen nay tao ra luc chieu true 
P 0 luon hudng tu phai sang trai ep cac mat ma 
sat khdng tach rdi. 

Khi nang vat, quay tay quay cung true vit theo chieu nang vat, banh coc quay cung 
vdi cac dia va true vit, con coc trugt tu do tren cac rang cua banh coc. Khi gitf vat d 
trang thai treo, trong luong vat nang gay mdmen tai tren banh vit va mdmen nay tao 
luc chieu true P 0 ep chat cac dia 2 va 4 vao banh coc 3. Nhd luc ma sat gitfa banh coc 
vdi cac dia ma con coc giur banh coc cung true vit khdng cho quay theo chieu ha. 
ha vat, ta quay tay quay theo chieu ha, be mat ma sat gitfa cac dia va banh coc bi trugt 
lam vat ha xuong. 

Mdmen tai tren banh vit do vat nang gay ra: 

™ Q D t 

M bv = — • ~ • T lp- T ll 

a 2 



Hinh 3.43: Phanh tu d$ng 
vdi mdt ma sat khdng tach rdi 
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Trong do: 

Q- tai trong nang; 

D t - dirong kinh danh nghla cua tang; 
a - bOi suit cua palang nang vat; 
r\ p , rj, - hieu suat cua palang va tang. 

Nhu vSy lire chieu true do vat nang gSy trfin true vit dugc ti'nh theo cong thirc: 


Po= 2^ = S ^ 


D bv a D bv 

Trong do: D bv - dirong kinh vong tron chia cua banh vit. 


Mbmen tai tren true vit: 


M lv = ^ 


•Tl, 


QD, 

2a.i 


VHc-n, 


(3.71) 


Trong do: 

i - ti s6' truyen cua bd truyen true vit - banh vit; 
r\ v - hieu suat cua bo truyen true vit - banh vit. 

Vay mdmen phanh can thidt phai tao ra trdn true vit 1&: 


M p = p.M tv = ^ ^ . ti TVTK vdi he so an toan (5 = 1,2 + 1,25. 

2a. i 

Luc dpc true can thiet d£ tao mdmen phanh ytu cau theo edng thirc (3.69): 

(3.Q.D, 


P = ^ = 


Z.R.f 2Za.i.R.f 


• n P ti. n v 


(3.72) 


Trong do: 

Z - s 6 dbi mat ma sat cua phanh dia; vdi so do ket cau tren hinh 3.43 ta co Z = 2; 
R - ban kinh trung binh cua mat ma sat. 

Mudn dung lire chieu true P t) de tao mdmen phanh ydu cau thi phai dam bao dieu 
kidn P 0 > P. Tir (3.71) va (3.72) ta co: 


Q.D, 

a.D bv , 


Tip n« ^ 


P-Q-P, 

2Z.a.i.R.f 


•Vn.-Tlv 


Hay: 


P-Dbv 

2Z.i.R.f 


.riv< 1 


(3.73) 


Chu y : N2'u diSu kiin {3.73) khong dam bao thi phai dieu chinh ede thdng so cua phanh dia, cu 
the la tdng R, f vd Z. 
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Mudn h$ vat ta phai tac dung vao tay quay dat tren true vit mdt rndrnen theo chieu 
ha la: 

M h = M p - M IV = (3 - 1)M IV 

Nhir vay mudn ha vat ta phai ti6u hao nang luang. Day la nhugc di£m ca ban cua 
loai phanh nay. De giam M h co the’ dung gia tri (3 nho song neu ht sd an toan qua nho 
(p = I) phanh se khdng dn dinh va kem an toan. 


b) Phanh tu dong vdi mat ma sat tdeh rdi 


Loai phanh nay thircmg dung cho cac ca cau co bd truyen banh rang tru. Vdi dan 
dong may, phanh thudng dirge dat tren true thu hai sau true dong ca de giam anh huang 
cua tai trong dOng cac phan quay ddn qua trinh 
lam viec cua phanh. Vdi dan dong tay, phanh 
thudng dirge dat d true dan ddng. Sa do ket cau 


phanh tu dong vdi mat ma sat tach rdi cho d 
hinh 3.44. 

Phanh gdm true co ren truyen dong 1 dugc 
dan ddng tir dong ca qua mot cap banh rang va 
truyen mdmen xoan qua banh rang 5 den tang 
cuon cap. Dia 2 lap trdn true bang then, dia 4 
lam cung mdt chi tidt vdi banh rang 5 trong co 
tien ren an khdp vdi ren cua true 1. Giua cac dia 
2 va 4 co banh coc 3 lap long khong tren true 1. 
Vit vdi ren hinh thang hoac chd nhat co chieu 



ren sao cho khi nang vat, banh rang 5 dich 
chuydn sang trai ep dia 4 vao banh coc. Banh 
coc chi cho phep quay theo chieu nang vat. 


Hinh 3.44: Phanh tu ddng 
vdi mdt ma sdt tach rdi 


Khi true 1 quay theo chieu nang vat, cac dia 2 va 4 ep chat vao banh coc tao thanh 
mdt khdi quay cung vdi true 1 dd nang vat. Khi giu vat d trang thai treo, dudi tac dung 
cua trong lugng vat nang, dia 2 va 4 van ep chat vao banh coc 3 va con coc gitf cho 
banh coc cung true 1 khdng cho quay theo chidu ha. 


Khi true 1 quay theo chieu ha vat vdi van td'c khdng dd’i (Oj, banh rang 5 dich chuyen 
sang phai tach dia 4 khdi banh coc 3 va vat nang ha xud'ng do trong lugng cua no. Vat 
nang tiep tuc rcri do trong luc cho dd'n khi van td'c goc cua banh rang 5 (cung chi6u vdi 
o)!) tang dan va bang a)j thi banh rang ngung dich chuyen sang phai (van tdc goc tuong 
ddi gida true 1 va banh rang 5 bang khdng). Van tdc goc cua banh rang 5 tidp tuc tang 
va khi Idn han Wj no lai dich chuydn sang trai ep d&n dia 4 vao banh coc 3 lam van 
tdc goc cua banh rang 5 giam, cho ddn khi nho han 0)| no lai tach dia 4 khdi banh coc 
3 va lap lai qua trinh tren. Nhu vay vat nang dugc ha theo chu ki lap di lap lai. De tdc 
dd ha dugc deu ngudi ta rut ngdn chu ki dich chuyen cua banh rang 5 bang vong dieu 
chinh 6 sao cho khe hd gitta 6 va banh rang 5 nho nhat co th£. 
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D0 phanh lam vi6c em, mat ma sat thudng dirge tra dau. Vdi ca cau dan d0ng may, 
phanh dugc d£t trong b£ dau. Trong phanh tu d0ng vdi mat ma sat tach rdi, quang 
dudng phanh phu thu0c vao ti le giaa lire quan tinh cua cac phan quay trong ca c£u va 
trong hrgng vat nang quy v& true dat phanh. Trong lirgng vat nang cang nho thi quang 
dudng phanh cang ldn va ngirgc lai. giam quang dudng phanh, trong cac ca cau 
nang dan dong may, ngirdi ta thirang dat them phanh thirdng dong tr£n true dong ca de 
dap tat d6ng nang cua cac phan quay trong ca ca'u tir true dong ca den true dat phanh. 

MOmen xodn do vat nang gay ra tren true dat phanh: 


M * = > 
2a.i 


Trong do: 

Q - tai trong nang; 

D, - duang kinh danh nghia cua tang (tinh d0n tarn cap); 
a - b6i suat cua palang nang vat; 

i v& Th - ti s6 truyen va hieu suat cua truy^n d0ng tinh tir true dat phanh den true tang. 

M x chinh la mdmen luon co xu hirdng ep dla 4 vao banh coc 3 va can bang vai 
mdmen do ma sat tai dla 4 vdi banh coc 3 va ma sat tai ren vit. 

M x = P.f.Rj + P.r.tg(a + p); 

Trong do: 

f - he s0 ma sat giCra cac dla va banh coc; 
r - ban kinh trung binh cua ren vit; 

p - goc ma sat cua ren vit (p = 2 -r- 3°, lam vi0c trong binh dau); 
a - goc nang cua ren vit; 

R, - ban kinh trung binh cua be mat ma sat gitra dla 4 va banh coc 3; 

P - lire doe true d£ tao mdmen phanh do trong lugng vat nang gay n£n. 


M x = Q-Dt-ri, 

f.R, + r.tg(a + p) 2a.itf.Rj + r.tg(a + p)] 


(3.74) 


Vdi lire chieu true P, phanh dla co th6 tao ra mdmen phanh la: 

M 0 = P.f.R, + P.f.R, 

Trong do: R 2 - ban kinh trung binh cua b6 mat ma sat gitra dla 2 va banh coc 3. 
Vay di phanh lam vi0c dugc, phai thoa man dieu kien sau: 

M 0 > P.M X 

hay f(R! + R 2 ) > Pff.R, + r.tg(a + p)] (3.75) 

Trong do: P la h0 s6 an toan phanh. 
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§3.4. KHOP NOl 

Khdp ndi la cum chi tie't ndi cac true hoac chi tie't may quay vdi nhau dd truydn 
mdmen xo&n, dong md co cau, gi£m t&i trong ddng, ngan ngura qua tSi hoac didu chinh 
tdc d6 v.v... 

Theo c6ng dung, ca'u tao va nguyen li lam vide, khdp ndi g6m cac loai sau: 

- Khdp ndi true chat: dung de ndi cung hai true co dd chinh xac lap rap cao, g6m 
hai loai chinh la ndi true chat kidu dng va kidu dia. 

- Khdp ndi true bu: dung dd ndi cac true bj nghidng hoac bi I6ch ddi vdi nhau mdt 
khoang cho phep do chd tao, l£p ghep thidu chinh xac hoac do true bi bidn dang dan 
hdi. Cac kidu khdp ndi true bu dugc dung ph6 bidn hien nay trong may xay dung la: 
khdp ndi rang, khdp ndi dan hdi, khdp ndi xich, khdp cacdang. 

- Li hop: la mdt dang cua khdp ndi co nhiem vu ndi hoac tach cac true bat ki luc 
nao nhd co cdu dieu khidn. Theo nguySn li lam vide, li hqrp gdm ba loai chinh: li hqrp 
an khdp dua trdn sir an khdp gida cac vdu hoac cac rang cua cac nua li hop; li hop ma 
sat ; li hop didn tur. 

- Khdp ndi an toan: dting dd gidi han mdmen tranh qua tai cho co ciu va didu chinh 
tdc dd quay. Theo nguydn li lam vide, khdp gidi han mdmen dung ma sat hoac dang 
chdt dd tranh qua tai cho co cdu, khdp didu chinh tdc dd dung luc li tarn. 

- Khdp ndi thuy lire va bidn tdc thuy lire: la hai dang chinh cua truydn ddng thuy 
ddng, thuc hien vide ndi "mdm" gitfa cac true. Chuydn ddng dirge truydn tCr ph<in d£n 
sang phdn bi dan nhd ddng nang cua ddng chdt long tac ddng lOn cac canh cua banh 
edng tac. Khdp ndi thuy luc va bidn tdc thuy luc lam vide em, dam b£o an toan khi qua 
tai va ngay cang dugc ddng phd bidn trong cac loai may x£y dung. Cdu tao va nguydn 
li lam vide cua khdp ndi thdy luc va bidn tdc thuy lire dirge gidi thidu trong giao trinh 
"Truydn ddng thuy luc". 

Thdng sd ki thuat co ban ddng dd tinh toan khdp ndi la mdmen xo£n cua true l£p 
khdp ndi M x . Gia tri M x dugc xac dinh theo phuong phap tinh toan tiki trQng ben ngoai 
tac dung ISn true tuy theo didu kidn lam vide va loai may cu thd. Trong qua trinh truydn 
mdmen xo£n, khdp ndi con chiu anh hudng cua tai trong ddng, lire va dap va dao ddng 
cua true tuy theo didu kidn lam vide va dac tinh tii trQng cua may. Vi vay ma khdp 
ndi dugc tinh todn khdng theo mdmen xoan danh nghla ma theo mdmen xoan tinh 
toan M tt : 

M ft = k.M x 

Trong do: 

k - he sd tinh toan tuy thude vao loai may va chd dd lam viec, k = 1,25-4-4; 

M x = N/(o - mdmen xoMn cua true lap khdp, N.m; 

N - edng sudt trdn true, W; 

co = 7in/30 - van tdc goc cua true, s’ 1 ; 

n - tdc dd quay cua tryc, vg/ph. 
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Trong muc nay, ta coi mdmen xoan tinh toan M tt da xac dinh va la thdng sb cho 
trudc de tinh toan khdp. 

Cac loai khdrp nbi nbi chung da dirge ti£u chu£n hoa va chb tao hang loat, dac bi£t 
la cac loai khdp nbi dung trong may nang. Cac thdng sb dac trimg de chon khdp ti6u 
chuan la mSmen xoan tinh toan ma khdp truy£n dirge va durdng kinh ddu true. Dirdng 
kinh dau true co the xac dinh bang phep tinh toan true theo xoan thu^n tuy vdi h£ sb 
an toan bin cao. 

Cac loai khdp nbi dirge gidi thi£u trong cac giao trinh chi tibt may, otd - may keo, 
truyen dOng thuy lire v.v... Trong muc nay chi gidi thi£u c£u tao va phirang phap tinh 
mdt sd loai khdp nbi thdng dung trong may xiy dung. 

3.4.1. Khdp nbi true chat 

Trong trudng hop true dai, nbu lam true li£n s£ gap kho khan trong che tao, van 
chuyd’n va lap rap. Vi vay ngudi ta chb tao true thanh nhi£u doan ngan va nbi Lai vdi 
nhau bang khdp nbi true chat ki£u bng (hinh 3.45) hoac ki£u dia (hinh 3.46). 

Khdp nbi true chat ki£u bng gbm mOt bng lap tr£n cac dau true va truy6n mOmen 
xoan qua bng nhd cac chbt (hinh 3.45a), then (hinh 3.45b) hoac then hoa (hinh 3.45c). 
Cac chi tibt cua khdp nbi true chat thudng lam b&ng thep 45. l/u di£m cua khdp nbi 
true chat kiiu bng la cau tao dan gian, gon (dirdng kinh khdp nho) va re ti£n. Nhtrgc 
diem la yeu cau cac ddu true phai dirge lap dat rbt chinh xac va trong qua trinh thao, 
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lap c&n phai dich chuybn true hoac 6ng theo phuang doc true mbt khoang lan. Phirang 
an dung then hoac then hoa can phai co vit dinh vi bng trbn true. Tinh toan then va 
then hoa theo giao trinh chi tib't may. Trong phirang an dung chb't, chbt can dirge kidm 
tra theo sue bbn cat: 




4M 1{ 

d.7t.d“ 


< [t] c 


Trong do: 

M„ - mdmen xoan tinh toan, N.mm; 

d, d c - duang kinh d£u true va duang kinh chb't, mm; 

[t] c - ung suat cho phep theo cat, db'i vdi chb't lam tir thep 45 thirdng lay 
[t] c = 40 N/mm 2 . 

Ong trong ca ba trubng hap duac kidm tra b6n theo xoan: 


m, 

w, 


M, 


°- 2 d T 1 + (^) 4 ] 


< r t 1 


Trong do: 

D - duang kinh ngoai cua b'ng, mm; 

[t] x - ung suat cho phep theo xoan, thuang lay [t] x = 25 N/mm" co tinh dbn su giam 
inomen chb'ng xoan cua ong do co 16 chb't hoac ranh then. 

Khdp n6i true chat kieu dTa (hinh 3.46) la loai n6i true chat chu yb'u, g6m hai dia 
co moaya, m6i dia lap trbn dau true bang then hoac moi ghep co db dbi r6i dung bulbng 
bat chat hai dia vdi nhau. Trong trirdng hap dung then, cac dia duac dinh vi trbn dau 
true bang vit cay chb'ng dich chuyen doc true. Cac dia co thb duac lam dudi dang kin 
(hinh 3.46a, b, d) hoac dang hd (hinh 3.46c). Dia dang kin co gb che cac bulong lam 
vibe dam bao an toan han va co the dung lam banh phanh. Cac dia duac dinh tarn vdi 
nhau bang cac gb dinh tarn duac gia cbng ca khi chinh xac (hinh 3.46a, c) hoac cac 
nua vong dbm dinh tarn (hinh 3.46d). Viec su dung cac dia vdi hai nua vong dbm dinh 
tarn cho phep thao, lap khdp nb'i va true ma khbng can dich chuyen cac dia tren dau true. 

Khdp n6i true chat kieu dia co db tin cay cao, cau tao dan gian, re tien va duac dung 
pho bib'n han kieu ong. Nhuac dib’m cua chung la yeu cau lap dat chinh xac cac dau 
true, dac biet la db vubng goc va song song vdi true cua cac gb dinh tarn dia, kich thubc 
duang kinh dia Idn so vdi loai b'ng. Cac dia co moaya thuang duac chb tao bang thep 
40, thep due 35L hoac gang xam. Cac nua vong dbm dinh tarn, bulong va dai be thuang 
duac che tao tu thep 35. 

Bulong libn ket vdi cac dia bang hai each: lap co khe hd (hinh 3.46a) va lap khbng 
co khe hd (hinh 3.46b). 
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Hinh 3.46: Khap nd'i true chdt kieu dia 


Khi dung bulOng l£p khOng c6 khe ha, cac bulOng dirge ki£m tra b&n theo cat: 


8M, 


D 0 .Z’.rc.d 2 


<[T] C 


Trong do: 

D„ - duang kinh vong trdn tarn cac bulOng, mm; 
d - dirang kinh bulOng, mm; 


Z’ - s6' billing chiu cdt lip kh6ng co khe hdr. Tr6n mOt khap nO'i, s6' bulOng lap khOng 
co khe ha c6 th£ it han tdng s6' bulong Z (co th£ leCp each d£u Z’ = Z/2 s 6 bulOng khOng 
c6 khe hd va sO' con lai lap co khe ha va coi toan bO mOmen do sO' bulOng khOng c6 
khe hd chiu); 


[t] c « 0,25ct c - ung sua't cho phep theo cat; ct c - giai han chay cua vat lieu 1km bulOng 
(dO'i vOi CT3 la'y ct c ;= 220 N/mm 2 , thep 35 lay a c = 320 N/mm 2 ...). 

Khi dOng bulOng lap co khe ha, bulOng chiu keo va dirge tinh theo luc xiO't c&n thi&'t 
dd tao n6n luc ma sat ddm bao cho nd'i true co th£ truySn dugc mOmen xoan M tt : 


v = JMlL < [P] (3.76) 

D 0 .Z.f 

Trong d6: 

Z - t6ng sO bulOng tr6n khdp; 
f - h6 sd' ma sat, f = 0,15 •*- 0,2; 

[P] - luc keo cho phep dO'i vdi bulOng. 
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Ndu didu kien (3.76) khdng dam bao thi can phai tang s6 bulong Z hoac dung bulong 
co dudng kinh lan han. 

3.4.2. Khcrp noi true bu 

Khdp n6i rang dirge tieu chuan hoa cho true co dudng kinh 40 -f 560 mm vdi mdmen 
xoan tdi 10 6 N.m. Khap ndi rang (hinh 3.47) g6m hai moaya lap trdn dau true bang then 
vai cac rang ngoai dang rang than khai an khap vai cac rang trong cua vo khap. Hai 
nua vo khap lien ket vai nhau bang buldng. Khap noi rang co the bu trCr moi sai l6ch 
hudng tarn, hudng kinh... goc sai lech cho phep Acp < 1° (xem hinh 3.47c) nhung khap 
noi rang khbng co tac dung giam va dap va tai trong d6ng. Khap noi rang dirge sir dung 
phd bie’n tr6n cac may hang nang, cong suat lan. De bu trCr cac sai lech, dinh cac rang 
ngoai cua moaya lam dirai dang cung tron va moaya co khe ha mat dau vai vo 5 (hinh 
3.47a); be mat tiep xuc cua rang lam cong (mat cat rang ngoai cua moaya co dang tang 
trdng) va cac rang an khap vai khe ha mat ben lan (hinh 3.47b). Cac chi tiet cua khap 
rang thuang lam tir thep 40 va 45L, be mat rang ngoai cua moaya thirang co do cirng 
lan han be mat rang trong cua 
vo vai do cung khbng duai 
HRC35. De giam do mon, 
khap rang dugc boi tran bang 
dau co do nhbt cao. Tinh toan 
an khap rang va kiem tra ben 
theo giao trinh chi tie't may. 

Khi tinh toan do ben mon cua 
rang, ta coi tai trong tac dung 
deu len cac rang va cac rang 
tiep xuc vai nhau theo toan bo 
mat ben rang vai chidu rong b 
va chidu cao h = 0.8m + m. 

Dieu kien kidm tra do ben 
mon: 


Trong do: 

b - chieu rbng rang, mm; 

D c = m.Z - duang kinh vong 
m, Z - modun an khdp va so rang; 

[p] = 12 4- 15 N/mm 2 - ap lire cho phep. 

Khdp noi xich (hinh 3.48) gom hai dla xich co so rang nhu nhau lap trdn hai diu 
true, rndt vong xich an khdp vdi ca hai dla xich, ngoai ciing la vo che kin co 16 tra dau 



Hinh 3.47: Khap noi rrfng 


M, 


P =-^ tP] 

0,9.b.D 2 


tron chia cua rang, mm; 
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A 


bdi tron. Vong xich thirang 
dung loai xi'ch dng con lan loai 
mot day (hinh 3.48a) hoac hai 
day (hinh 3.48b). Khdp ndi 
xich mot day thirang dung de 
ndi true co dudng kinh 18 den 
125 mm, mOmen xofin tdi 
6300 N.m, cho phep goc lech 
true tdi 1° va dd lech hirdng 
kinh 0,5 ddn 1,2 mm. Do khdp 
noi xich co dd ra ldn mil chiing 
khdng dirge sir dung trong ca 
cau co true quay ddi chi6u va 
co lire va dap ldn. Uu diem ciia 
khdp noi xich la: cau tao dan 
gian, tirang ddi nho gon, d6 
thao lap ma khdng can dich 
chuye’n doc true va co sd dung 
chi tiet thdng dung la xich. Dia 
xich co the’ dirge che tao tir 
thep 45 hoac thep 20X co nhiet 
luyen. 

Khdp cacdang dung d6’ ndi 
cac true khdng cung nam tr6n 
mot dirdng thdng, cat nhau mot 



Hinh 3.48: Klu'rp noi xich 


goc tdi 40° va goc nay co the thay doi trong qua trinh lam viec. Sd di chuyen dong 


quay truyen dirge giua hai true co goc ldcli ldn nhir vay la do khdp cacdang cd hai khdp 
ban le cd true vudng goc vdi nhau. Neu dung mot ddi cacdang dat d hai dau true trung 
gian thi cd the lam tang goc lech giira true dan va bi ddn. Khi true dan quay vdi tdc do 
deu thi true bi dan vdi mdt cacdang se cd tdc do quay khong deu. Khi dung mot ddi 
cacdang vdi true trung gian cd Ihd dam bao tdc do quay deu ciia true bi dan vdi khoang 
each truyen tirang ddi ldn neu true ciia cac khdp ban 16 hip tren true trung gian song 


song vdi nhau va goc lech 6, = (xem hinh 3.49). 



Hinh 3.49: Khdp cacdang 
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Khdp ndi dan hoi, ngoai vi^c co the bu tru cac sai ldch giua cac dau true, con co 
tac dung giam va dap va chan dong, de phong edng hudng do dao d6ng xo&n. Trong 
may xay dung dung phd bie'n nhat la khdp ndi dan hoi co ong lot cao su chiu nen (hinh 
3.50), dac bidt la trong cac co cau d5n dOng bang dOng ccr dien. Khdp g6m hai nua 
khdp lap vdi cac dau true bang then (d&u true hinh tru ho&c cOn). Cac nua khdp lidn 
kdt vdi nhau bang cac chot de truyen mdmen. Dudi hinh con cua chdt dugc bat cung 
vdi mot nira khdp, dau kia cua chot co boc vong cao su chuyen dung va dugc lap vao 
cac 16 cua nua khdp con lai (hinh 3.50). Khdp ndi dan h6i co dng lot cao su dugc chd 
tao cho true co dudng kinh 16 4- 150 mm, mdmen tdi 1500 N.m va co the bu tru sai lech 
hudng kinh (0,3 4- 0,6 mm), 
hudng tarn va sai Idch goc (ddn 
1°). Cac nua khdp thudng dugc 
che tao tu gang xam, ddi vdi 
khdp lap trdn true quay nhanh 
co the dugc che tao tu thep 30 
hoac 35L. Chot dugc lam tu 
thep 45. Nhu da md ta d trdn, 
chdt dugc lap cung vdi nua 
khdp ben trai (xem hinh 3.50) 
va trong qua trinh truyen 
momen xodn no lam vide nhu 
mOt dam cOng xdn chiu udn. 

Dieu kien kid’m tra chdt theo 
sue ben uon la: 


L6 hinh try 



Hinh 3.50: Khdp noi dan hoi co ong lot cao su 


o u 


10M t ,./ 1 

- ~ ^ [a] u 

D 0 .Z.d t ! 


Trong do: 

/ 0 * chi6u dai phan chot lam viec nhu edng xdn; 

D 0 - dudng kinh vong tron tinh ddn tarn chdt; 
d c , Z - dudng kinh chdt va so chdt tren khdp; 

[o] u - ung suat cho phep cua chdt (80 - 90 N/mm 2 ). 
Ong lot cao su dugc kiem tra theo sue ben dap: 


= 


2M, 


D 0 .Z.d c ./ 


^ [cr] c 


Trong do: 

l - chilu dai ong lot cao su; 

✓ * 9 

[a] d - ung suat dap cho phep, ddi vdi cao su thudng lay [a] d = 1,8 2 N/mm". 
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Khdp nd'i dan hoi vdi vanh cao su sgi 
manh chiu xoan (hinh 3.51) gdm vanh dan 
hoi kieu ldp xe bat len cac nira khdp nhd 
bulong va van!* kep. Loai khap nay co kha 
nang giam chan tdt, de thao hip thay the 
chi tiet dan hoi va khdng co bd phan chiu 
mai mon, do khdp co d0 cirng thay doi ma 
co the tranh dirge hien tirong cong hirdng 
do dao ddng xoan. Tuy theo kich thirdc 
cua khdp ma do sai lech ma khdp co the bu 
trir dirge la rat ldn: sai lech tarn 3^-6 mm; 
sai Idch hirdng kinh 2-^6 mm; goc lech 
2 4- 6°; moi nira khdp co the xoay tirang 
doi so vdi nira khdp kia 5 4- 30°. Vanh cao 
su dan h6i dirge kiem tra ben theo dichi 
kien sau: 



Hinh 3.51: Khdp noi dan hoi vdi 
vanh cao su chiu xodn 


Tt.Dj.5 

Trong do: 

D, dirdng kinh vanh cao su tai mat cat gan vanh kep; 

6 - chieu day vanh cao su; 

[x] - irng suat cho phep, [x] - 0,4 N/mnr. 

Ngoai ra trong may xay dang con dung loai khdp vau vdi dem dan hoi hinh sao. 


3.4.3. Li hap 

Li hgp vau (hinh 3.52) la loai li hgp an khdp truyen dirge momen xoan ldn va dung 
trong trirdng hgp ydu cau dd em diu khdng cao khi ddng mb li hgp. DTa bi ddng cua li 
hgp thirdng dirge ldp co djnh tren true dan dong con dla chu ddng lap tren true bi dan, 
cd the dich chuye’n doc true theo then dan hirdng hoac then hoa de ddng md li hgp nhd 



Hinh 3.52: Li hap vdu va prdfin cua vdu an khdp 
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ca cau dieu khien. Sd di dia chu dong dirge lap tren true bi dan dd giam mon eho ca 
ca'u dong ma li hap vi true bi dSn chi quay khi li hgp dong va chi' khi do mdi co sir 
trugt giua dia chu dong va tay don dieu khien. Tren be mat cac dia co cac vau, khi 
dong li hgp, cac vau an khdp vdi nhau de truyen momen xoan. Cac vau thirdng co 
profin hinh chtr nhat hoac hinh thang (hinh 3.52b). Vau hinh chu nhat doi hoi lap dat 
chinh xac cac dia va dong li hgp chi thuc hien khi true khong quay. Giua cac vau chir 
nhat an khdp can phai co khe hd nen se bi va dap khi doi chmu quay. Vau hinh thang 
cho phep dong li hgp khi true quay trong trirdng hgp may chay khong tai va chenh l^ch 
van the dai giua cac vau cua hai dia khdng qua 1 m/s. Vau hinh thang khi an khdp xuat 
hien luc doc true S tac dung ngugc chieu dong li hgp (hinh 3.52b). Vi vay goc nghieng 
canh ben cua hinh thang a = 2 ^ 8*’ d£ dam bao tu ham va giam luc dong li hgp. Neu 
true chi quay theo mot chieu (khong doi chieu) thi co the dung vau hinh thang khong 
can deu hai ben. 

Trong qua trinh lam viec, cac vau chju uon co va dap va chiu mai mon. Do bSn mon 
dugc kie’m tra theo dieu kien sau: 


3M„ 

D u .Z.b.h 


< Ipl 


Trong do: 

D ( , - dudng kinh trung binh cua cac vau; 

Z - s 6 vau tr6n dia; 

b, h - chieu dai va chieu cao vau. 

Luc doc true can thiet de dong (lay dau +), md (lay dau 


li hgp vau: 


Q = 


2M„ 

D 0 


r _ D () 

f- -f ± tg(a ± p) 
L d 


Trong do: 

d - dudng kinh true lap dia 
chu dong (hinh 3.52a); 
f - h$ s 6 ma sat; 
a - goc nghieng mat ben cua 
vau (hinh 3.52b); 
p - goc ma sat. 

Li hgp an khdp rang co cau 
tao gan giong vdi khdp noi 
rang. Dia rang 1 lap cd dinh 
tr6n true dan (hinh 3.53a), khi 
can md li hgp, can phai dich 
chuy^n dia rang 3 doc true 
sang trai de cac rang cua no 
khdng an khdp vdi cac rang 




Hinh 3.53: Li lu/p an klu'/p rfing 
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trong cua vo 2 nira. TrSn hinh 3.53b la li hap In khap rang loai ha (khong co vo), true 
din va bi din dirge lip vai cac dla co ring trong va rang ngoai In khap vdi nhau khi 
dong li hap. 

Li hap ma sat co the dong de truyln chuyen dong khi co tai va lam viec em. Khi 
tac dung mot lire doc true Q len dia chu d6ng cua li hap ma sat kieu dla (hinh 3.54a), 
li hap dong dd truyen momen xoln nha lire ma sat gitia cac dia. Neu coi luc ma sat 
phan bo deu tren bi milt hinh vanh khan cua dia thi tong luc ma sat f.Q tac dung len 
dia vai ban kinh tirang dirang R ut : 


R 



D 3 - D 3 

d 2 -d; 


Khi ting lire Q, momen ma sat M nis = f.Q.R u , tang cho den khi M ms = M„ thi li hap 
dong hoan toan va hai true s6 quay cung toe do. Lire Q can thiet de dong li hap xiic 
dinh theo cOng thi'rc: 


1 d 3 -d? f 

3 D 2 -Di 

De giam lire doc true Q va giam kich thude dla, co the dung li hap ma sat vdi nhieu 
dia (hinh 3.54b). Khi do lire dong li hap nhieu dia Q dirac xac djnh theo cong thuc: 


1 D3 - P ? f 7 

3 D 2 - D 2 

Trong do: Z - so clp be mat ma sat ciia li hap (Z = n - 1 vdi n la tdng so dia trong 
li hap). Thudng lay Z la mol so chan trong do so dia chli dong la Z/2 va so dia bi dbng 
la Z/2 + 1. 



Hinh 3.54: Li hap ma sot kieu (tin 
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Ngoai ra, de giam lire Q, be mat cac dTa dirge g&n cac tarn lot co he so ma sat cao 
va chiu mai mon tot. Dieu kien ben mon cua cac be mat ma sat: 


7t.(D - D, j.f.Z 

Theo dieu kien ben mon, lire dong li hop cho phep duoc xac dinh theo cong thuc: 

LQ] = [ P J ^ • (D 2 -D?) 

Cach kich thude co ban cua li hop ma sat duoc lay theo kinh nghiem tir kich thirdc 
true d (xem bang 3.6). 


Bang 3.6. Cong thirc kinh nghiem xac djnh 
cac kich thirdc co ban cua li hop ma sat 


Thong so 

Dia trong be’ dan 

DTa khb 

D, 

(1,5 4 2)d 

(2 4 3)d 

D 

(1,5 4 2)D, 

(1,5 4 2,5)D, 

Z 

< 16 

< 6 


He sd ma sat cua cac cap ma sat khd lay nhu sau: chat deo tren n£n amiang vdi thep 
hoac gang f = 0,25 4 0,4; kim loai gom vdi thep toi f = 0,35 4 0,45; gang vdi gang 
f = 0,14 4 0,18; thep toi vdi thep toi hay gang f = 0,06 4 0,08. He sd ma sat giira kim 
loai gdm vdi thep toi ngam trong dau f = 0,08 4 0 , 12 . 

§3.5. THIET BI TUA QUAY 

Thiet bi tua quay la bo phan lien ket giua phan quay va phan khong quay ciia nhung 
may co chuyen dong quay quanh true thdng dung nhu cac loai can true quay, may dao 
mot gau, may dao ngang nhieu gau he roto, may dong coc, may khoan v.v... Nhd co 
thiet bj tua quay (TBTQ) ma tai trong duoc truyen tir phan quay xuong phan khong 
quay va tir do xuong nen va may co thl quay quanh true thang dung mdt each nhe 
nhang. Viec lua chon loai TBTQ phu thubc vao c 6 ng dung va cau tao chung cua may. 
Theo dac diem lap dat va cau tao, TBTQ gom hai loai: TBTQ nam trong mat phang 
dung (TBTQ tren cot) va TBTQ nam trong mat phang ngang (vong tua quay). 

3.5.1. Thiet bi tira quay tren cot 

TBTQ tren cot gom hai loai: TBTQ tren cot quay (hinh 3.55) va TBTQ tren cot co 
dinh (hinh 3.56). Do co ket cau chie'm it dien tich nen TBTQ tren cot duoc dung nhieu 
d can true cang (hinh 3.55a - loai cdt quay), can true noi (hinh 3.56a - loai cot co dinh), 
can true quay tlnh tai trong cac phan xuong co khi, nha ga v.v... (hinh 3.55b - loai cdt 
quay va hinh 3.56b - loai c 6 t c 6 dinh). 
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Hinh 3.55: So do bo tri TBTQ tren cot c/uay 

Theo cac so do bd tri TBTQ tren c6t hinh 3.55 va 3.56, TBTQ tren cdt g6m hai 
gdi da: 

- Goi dd-chdn A (goi dirdi ddi vdi loai cot quay va gdi tren ddi vdi loai cot cd dinh) 
chiu lire ngang H A va lire thang dung V. 

- Gdi dd B (gdi tren doi vdi loai cdt quay va gdi dudi ddi vdi loai c0t cd dinh) chiu 
luc ngang H M . 

Dilt cac thanh phan tai trong tac dung l6n phan quay cua may (tai trong nang, trong 
lirqng ban than cac bo phan cua phan quay ke ca ddi trong (neu co), tai trong gio v.v...) 



Hinh 3.56: So do bo tri TBTQ tren cot cd dinh 





va lap cac phuong trinh can bang Xy = 0 ; XM a = 0 va ZM b = 0, ta co the dd dang xac 
dinh dugc cac lire H A , H B va V tac dung len cac goi cua TBTQ tren cot. Dung cac lire 
H a , H b , V da xac dinh dugc dd’ tinh toan ngOng true (doi vdi loai cot quay), tinh cOt 
(ddi vdi loai cot co dinh), tinh chon o cho cac goi do A va B cua TBTQ tren cot, tinh 
momen can quay do ma sat d cac goi. 

Goi do-chan A (hinh 3.57) gom hai o: o do thubng la o bi cau hoac bi dua long cau 
tu lira, 6 chan la o bi cau hoac o bi edn (tuy theo gia tri tai trong). Neu o chan la bi 
cau thi phan tua cua d chan la hinh cdu co tarn trung vdi tarn cua long cau tu lua tren 
d do de khong anh hudng den qua trinh lam vide cua 6 chan (xem hinh 3.57). Tbc do 
quay cua may thudng rat chain nen o chan va o do dugc tinh chon theo tai trong tinh 
bang cac phan lire H A , V theo giao trinh chi tiet may. Doi vdi may co tai trong nho, 
cac o do, chan co the dung o trugt. 



Hinh 3.57: Gdi do—chdn A cua TBTQ tren col 
a) Loai cot quay (goi dit&i); h) Loai cot co dinh (gdi tren). 

Goi do B (gdi dudi) cua TBTQ tren cpt co dinh gom cac con lan ti len cot khi quay 
va chung dugc gan tren cac vanh thep cua phan quay (hinh 3.58a, b) hoac gdm nhieu 
con lan chay tr^n cac vong ray phia ngoai va phia trong, cac con lan ludn each deu 
nhau nho vong each (hinh 3.58c). Loai gdi do vdi hai con lan tua (hinh 3.58a) chi dung 
trong trudng hgp luc ngang tac dung len gdi do B luon theo mOt chidu (vi du: can true 
cot co dinh khbng co ddi trong). Loai gdi vdi bon con lan tua (hinh 3.58b) la loai thdng 
dung nhat va co thd dung cho may co luc ngang tac dung len gdi do B theo mot chieu 
hoac doi chieu (loai co ddi trong). Khi may co tai trong Ion, ngudi ta thudng dung gdi 
do B co nhieu con lan (hinh 3.58c). 

Gdi do B (gdi tren) cua TBTQ tren cot quay co cau tao tuong tu nhu loai cOt cd 
dinh, chi khac la cac con lan tua thuOng dugc gan tr^n cdt (phan quay) va chung ti len 
vong ray tron gan tren phan khong quay. Ddi khi cac con lan tua dugc gan len phan 
khdng quay va chung ti ldn phan quay khi lam viec (ddi vdi loai co 4 con lan tua trd 
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lSn va gdn each d£u nhau). Ridng doi vdi can true cdt quay dung trong phan xirdng co 
khi (hinh 3.55b), do co kho&ng each giira hai gd'i tira ldn ma lire ngang H B thirdng nho 
va co thd dung goi dd tr£n B la 5 trircrt hoac 6 bi dd thdng thirdng. 

Lire nen tac dung l6n mdt con lan tira la (hinh 3.58b): 


2cosa 

tinh lire nen ldn nhat tac dung len con lan cua goi dd co nhilu con lan ta gi£ thiet 
lire nen tac dung len cac con lan phan bd' theo quy luat: 

N x = N,.cosa x 

Trong do: 

N x - lire nen tac dung len con lan thu x; 

N] - lire nen ldn nhat tac dung len con lan nam d true doi xung (song song vdi H B ); 
a x - goc gitfa phirang cua N, va N x . 

Chieu tat ca cac lire ldn phuong tac dung cua H B : 

H b = Nj + 2ZN x .cosa x = N ] + 2N]Xcos 2 a x 



Hinh 3.58: Goi dd B cua TBTQ trin cdt co dinh 
a) Loqi hai con ldn tua; b) Loai bdn con ldn tua; c) Loai nhiiu con ldn. 
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Tai trong ti'nh toan tac dung len con lan N|’ = N ( .k vdi k = 1,25 la he so ke ddn kha 
nSng xo lech cac con lan va dd khdng chinh xac cua gia thiet tren. Con lan tua va phan 
cdt hoac ray tiep xuc vdi no drrpc tmh toan theo ung suat tiep xuc vdi lire nen N hoac 
N,’ theo phuemg phap tmh trong muc §3.6. "Banh xe va ray", tuy theo vat lieu, do cung 
b6 mat lan va trang thai tiep xuc. 

Momen can quay do ma sat a goi dd B cua TBTQ tren cot (loai hai va bon con 
lan tua): 

M msB = — 1 — . d 0 .a) 

2cosa 

Trong do: 

d„ - dudng kfnh goi dd B tmh den tarn con lan tua; 

to - he so can chuyen dong cua con lan tua, xac dinh gi&ng nhu trong ca cau 
di chuyen. 

Momen can quay do ma sat a goi dd-chan A cua TBTQ tr^n cOt: 

m,„ sA = V A .f, + h a A .f, 

2 2 

Trong do: 

dj, d 2 - dudng kinh o chan va 6 dd; 

fi, f 2 - he so ma sat 6 chan va 6 dd (xem co cau di chuyen). 

Do hai o cua goi chiu dong thdi lire dgc va ngang nen thudng lay tang gia tri cua 
M lllsA len 1,5 lan. 

3.5.2. Vong tua quay 

Vong tua quay la loai TBTQ nam trong mat phang ngang co dac diem la toan bo he 
thong dat tren phan quay gon va thap nen dam bao on dinh va khdng gay momen uon 
Idn nhu loai TBTQ tren c6t. Vi vay. vong tua quay dupe sir dung pho bien tren cac loai 
may xay dung hien nay nhu can true, may dao, may dong coc, may khoan... Tuy nhien, 
so vdi loai TBTQ tren c6t, vong tua quay co cau tao phirc tap, kho che tao va gia 
thanh cao. 

Theo cau tao, vong tua quay gom ba loai: 

- Vong tua quay kieu banh tua (co it diem tua); 

- Vong tua quay kieu con lan (co nhieu diem tira); 

- Vong tua quay kieu 6 bi. 

a) Vong tua quay kieu bank tua 

Vong tua quay kieu banh tua (hinh 3.59) g6m mot tru gitra 4 gan tren phan khdng 
quay dd dinh tarn phan quay vdi phan khdng quay, va dupe goi la ngong true trung tarn. 
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Hinh 3.59: Vong two quay kieti bdnh tiro 


Tren phan khdng quay co gin vong ray tron 3 va lan tren ray iron la cac banh xe tua 
2 lap tren cac xe con 1 gin cling vdi phan quay. 

So xe con 1 gin tren phan quay thudng la bon xe (bon diem tira). Tuy theo tai trong 
ma tren mdi xe con lap mot hodc hai banh xe tua (trirdng hop dung hai banh xe tua tren 
mdi xe con thi chung dirge lap tren cau can bang de’ dam bao lire nen tren cac banh xe 
tua deu nhau). Trong qua trinh lam viec, cac banh xe tua chiu lire thdng dting truyen 
tir phan quay xuong phan khdng quay. Cac banh xe tira co the la hinh tru hoac hinh 
con. Banh xe ttra hinh tru co cau tao dan gian, di che tao song khi lan tren vong ray 
tron sfi co su trugt giua mat lan va ray lam banh xe chong men va mon khdng deu 
(muon giam sir trirot thi phai tang dudng kinh vong ray). Banh xe ttra hinh con co iru 
diem la tao chuyen dong lan khdng trugt song lai xuat hien tai trong hudng kinh ddng 
thdi ket cau phtre tap, kho che tao va lap rap. 


Trong qua trinh dinh tarn giua phan quay va 
phan khdng quay, ngong true trung tarn chiu Iuc 
ndm ngang va thuang dugc lap 6 bi da hai day 
tir lira hoac bac da. Trong trudng hgp momen 
lat M qua ldn, lire nen trSn mot so banh xe tua 
se bang khdng va xuat hien phan lire thing diing 
hudng tir dudi len (phan luc am) lam mat on 
dinh cho vong ttra quay va phan quay. dam 
bao on djnh, ngudi ta lam ngdng true trung tarn 
chiu phan luc thing diing bing each lip them 
tren ngdng true trung tarn 6 bi chan hoac bac 
chan (hinh 3.59a), hoac lip cac con lan ti chong 



Hinh 3.60: Ldp ddt cac con ldn ti 
chon# lat chiu phan luc thdng dung 


lat 5 chiu phan luc thing diing (hinh 3.59b va 3.60). 


Tuy theo loai may, cong dung, cau tao va dieu kien lam viec ma cac thanh phan lire 
cua phan quay tac dung len vong tua quay rat da dang, song nhin chung co the quy ve 
ba thanh phan: luc thing diing P, lire ngang N va mdmen lat M. Cac banh xe tira thudng 
dugc bd tri dd'i xiing qua true doc ox cua may. Trong trudng hgp tong quat mdmen lat 
gom hai thanh phan M x va M y va mdmen lat M = M x + M y nim trong mat phing j-j 
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(hinh 3.59b) lam lire nen cac 
banh xe tua phia trirac khong 
deu nhau va xuat hien truang 
hap phan quay tua tren ba 
diem. Hau het cac loai may xay 
dung co chuyb’n dong quay deu 
chiu lire tac dung doi xirng vai 
true doc ox cua chung, thanh 
phan momen lat M x theo 
phirang vuong goc vai true doc 
(ne'u co) thuang rat nho. Vi 
vay, de tinh vong tira quay, ta 
co the xet trircmg hap cac lire 
tac dung db'i xirng vai true doc 
ox va mbmen lat M tac dung 
trong mat phang th^ng dung 
chua true doc ox cua may (hinh 
3.59a va 3.61). 



Cac thanh phan lire tren 

phan quay tac dung len vong tua quay co the quy thanh hai loai (hinh 3.61): 

- Lire ngang N, luc thang dung P dat tai tarn quay va mbmen lat M nam trong mat 
phang thang dung chira true doc ox (hinh 3.61b); 

- Luc ngang N va lire thdng dung P dat each tarn quay mot khoang e = M/P 
(hinh 3.61c). 


Luc P, N va momen M dua.c xac dinh theo cac cong thuc sau: 

P = XG,.cosot + Q.cosa + ^P’ qt » 

N = XG,.sina + Q.sina + X P” qt + XWj ; 

M = XG,.cosa.b, + Q.cosa.a + XP qt .bj + XGi.sina.hj + 
+ Q.sina.h + X P’’ q( . h, + XW r pj. 

Trong do: 

G, - trong luang cac bo phan cua phan quay; 

Q - tai trong nang; 


X P’ q , - tong cac lire quan tinh tac dung vubng goc vai mat phang cua vong tua quay; 

XP” q( - tong cac lire quan tinh ngang tac dung song song vai mat phang cua vong 
tua quay; 

XWj - tdng luc gio tac dung len cac b6 phan tr6n phdn quay; 
a - goc nghieng cua mat bang dat may; 
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a, h, bj, fy, pj - cac canh tay don cua cac Inc khi lay momen ung vdi tam quay hoac 
mat phang ciia vong tira quay. 

Luc nam ngang N xac dinh dupe dung de tinh chon 6 bi dd tr6n ngong true trung 
tam. Dd tinh toan cac banh xe tura, ta phai xac dinh lure nen lbn cac diem tira la cac xe 
con A va B (hinh 3.59a): 


r _p,m. r _p m 

k a _ + k b - — - — 
4 2a 4 2a 


(3.77) 


Bieu thuc (3.77) c 6 nghia khi R B > 0 tuc la tat ca cac banh xe tira deu chiu lire nen. 
Khi M ldn, vong tua quay co the bi mat on djnh do R B < 0 va xuat hien phan lire am. 
De dam bao on djnh, ngiroi ta thuong tang duong kinh vong ray cua banh xe tua tuc 
tang khoang each a song trong mot so truong hop may s£ r&'t c6ng k^nh. Vi vay, d£ 
dam bao 6n dinh ma khong edn tang duong kinh vong ray, ngucri ta lap them cac con 
lan ti hoac ngdng true trung tam chiu phan luc am. 

Trong truong hop ngdng true trung tam chiu phan luc am, luc nen len cac banh xe 
tua phia trude R A va phan luc am R 0 tac dung len ngbng true trung tam duac xac dinh 
theo c6ng thuc (hinh 3.59a): 


R A = —; R 0 = — - P (3.78) 

a a 

Gia tri R 0 dung de tinh chon 6 bi chan tr£n ngong true. 

Trong truong hop cac con lan ti chiu phan luc am (hinh 3.59b), luc nen len cac banh 
xe tua phia trude R” A va lire nen len cac con lan ti R” B diroc xac dinh theo edng thuc: 


R 


A 


— + - ; R”, 

2a 4 


M _ P 
2a 4 


(3.79) 


Tir bieu thuc (3.78) va (3.79) ta thay trong dieu kien lam viec.nhu nhau, phan luc 
am R 0 khi ngdng true trung tam chiu luc thang dung ldn hon nhieu so vdi phan luc am 
R” b do cac con lan ti chiu. Vi vay phuong an dung con lan ti (hinh 3.59b va 3.60) duoc 
dung phd bien hon. Banh xe tua va con lan ti dupe tinh theo irng suat tiep xuc. 

Momen can quay do ma sat trong vong tua quay kilu banh tua gom cac thanh 
phan sau: 

- Momen can quay do ma sat trong cac banh xe tua: 


M, = SR.to.- 
2 


(3.80) 


Trong do: 

SR - tdng lire nen len cac banh xe tira; SR = SR a + SRb = P khi tat ca cac banh xe 
tua deu chiu lire nen (khdng co phan luc am); SR = XR’ a khi ngong true trung tam 
chiu phan lire am va SR = khi cac con l&n ti chiu phan luc am; 
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. k - he so can chuyen d6ng cua banh xe tua tren vong ray tron, xac 


<o = M±2t 
Db 

dinh nhir trong ca cau di chuyen; 

D - duang ki'nh vong ray tron. 

- M6men can quay do ma sat tai 6 do khi ng<5ng true trung tarn chiu lire n&m ngang N: 


M 2 = N.f,. 


2 


(3.81) 


Trong do: 

fi - he so ma sat 6 dg quy v6 duang kinh ngong true; 
d, - duang ki'nh ngdng true. 

- Momen can quay do ma sat tai 6 chan trong truang hap ngOng true trung tarn chju 
phan luc am R 0 : 

M, = R„.f 2 . ^ (3.82) 

2 

Trong do: 

f 2 - he so ma sat 6 chan; 

d 2 - duang ki'nh trung binh cua 6 chan. 

- Momen can quay do ma sat tai con lan ti khi chung chiu phan luc am £R” B : 


M\ = ZR” b .0).-^- (3.83) 

2 

Trongdo: 

D’ - duang ki'nh vong lan cua con lan ti, thuang lay cac con lan ti co D’ = D. 

Nhu vay, tong momen can quay do ma sat trong vong tua quay kieu banh tua dugc 
xac dinh theo cac c6ng thuc sau: 

+ Truang hap tat ca cac banh xe tua deu chiu luc nen, khong co phan luc am (nguai 
ta thuangcogangthietketheotruanghgp nay): 

M ms = M, + M 2 

+ Truang hap ngdng true trung tarn chiu phan luc am: 

M ms = M] + M-> + M 2 

+ Truang hap cac con lan ti chju phan luc am: 

M ms = M, + M 2 + M ^ 


b) Vdng tua quay kieu con lan 

So vai kieu banh tua, vong tira quay kieu con lan chiu dugc tai trong lan han va nho 
gon han do co nhieu diem tua. Vong tua quay kieu con lan (hinh 3.62) g6m nhieu con 
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Ian 3 dat each deu nhau Ian tren cac vong ray trgn 2 (gin vdi phan quay 1) va vong ray 
dudi 4 (gan vdi phan khong quay). Cac con lan co the la hinh tru, hinh con, doi khi la 
con lan tua hinh cau. Gifta cac con lan tru la cac vong each 5 de giu cho cac con lan 
ludn each d£u nhau khi lam viec. Doi vdi con lan hinh con, do xuat hien thanh phan 
lure hudng kinh nen cac con lan can co thanh gilng 7 vdi ngong true trung tarn. Cac 
con lan hinh tru (hinh 3.62b, d) khi chuyen dong tren ray tron co hien tugng trugt nen 
chong mon va dirge lam tu vat lieu tot chiu mai mon. Cac con lan hinh con (hinh 
3.62a, c) khi chuyen dong khdng co sir trirgt song co lire hirdng kinh nen cau tao phtre 
tap va kho che tao. Vong ray 
tr6n 2 co the la ca vong ray 
tron hoac cac cung ray tron 
each deu nhau. De dinh tarn 
gitra phan quay va phan khong 
quay, ngirdi ta lam ngong true 
trung tarn 6 tuong tu nhir doi 
vdi vong tira quay ki^u banh 
tua (vdi 6 bi dd hai day long 

cau tu lira chiu luc ngang N). c ) <?) 



Trong trudng hgp xuat hien 
phan luc am (momen lat M qua 


Hinh 3.62: Vdng tua quay kieu con lan 


ldn), de dam bao on dinh ngudi 


ta lam ngong true trung tarn 
chiu phan luc thing dung (hinh 
3.62a, b) hoac lip cac con lan 
ti chong lat (hinh 3.62c, d). 

Cac con l&n dugc tinh theo 
ung suat tiep xuc tuy theo vat 
lieu, trang thai tiep xuc, do 
cung be mat va luc nen len cac 
con lan. Xet trudng hgp vong 
tua quay vdi cac con lan hinh 
tru va ray tren la ca vong ray 



tron (hinh 3.63). De Co the xac 
dinh dugc lire nen len cac con 


TTTM 


lan, ta phai gia thiet ring: cac 
vong ray la tuyCt do'i cung 
(khdng bidn dang khi chiu tai 



va luon song song vdi nhau); 


Hinh 3.63: So dd Tinh vong tua quay kie'u con ldn 
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cac con lan co dudng kinh hoan toan nhir nhau (sai sd' do chd tao, lap rap khdng dang 
k£ va khdng anh hudng dd'n trang thai ti£p xuc); tai trong phan bd' tr£n cac con lan theo 
quy luat tuyd'n tinh. 

Lye nen I6n cac con lan dudi tac dung cua lye thing dung P tai tam quay (hinh 
3.63b): 



Trong do: 

n - s 6 con lan trdn 1/4 vdng ray tron. 

Lye nen len cac con lan dudi tac dung cua mdmen M dugc xac dinh theo bi£u thuc: 

M = 4(q,a t + q 2 a 2 + ... + q n a n ) (3.84) 

Do tai trong len cac con lan dudi tac dung cua mdmen M dugc xac dinh theo quy 
luat tuy£n tinh (hinh 3.63c), nen ta co: 

a^ a^ a^ 

q 2 = q,. —; q 3 = qi■ — ; ... ; q„ = qi.— ; 
a, aj a, 

Thay cac gia tri q 2 , q 3 , ...» q n theo q! vao (3.84) ta co: 

M = ^9l.(af + a? + ... + a;) 
a. 


M.a, 

qi =-;-;-- 

4(ay + a; + ... + a„) 

Nhu vay, tdng lyc ndn ldn nhat va nho nhift ldn cac con lan la: 

qmax ~ q 4l * 

qmin-q-qi- (385) 

Bi^u thuc (3.85) co nghia khi q > q,, tuc la cac con lan dlu chju lyc nen. Khi q < q h 
vong tya quay cd th£ bi mat 6n dinh do xuat hidn phan lyc am. De dam bao 6n dinh 
cho vong tya quay, ngudi ta lap cac con lan ti hoac lap 6 chan trdn ngdng true trung 
tam d£ chiu phan lyc am (tuxmg ty nhu loai banh tya) song ngudi ta thudng cd' gang 
tranh trudng hyp nay va tinh toan sao cho q > qj. Trong trudng hyp tai trpng ldn, vdng 
tya quay ki£u con lan kho dam bao kha nang chiu lyc thi cd th£ dung vong tya quay 
kilu d bi. 

Trong trudng hyp ta't ca cac con lan deu chiu lyc nen (q > q,), mdmen cin quay do 
ma sat trong vdng tya quay ki£u con lan duyc xac dinh theo edng thuc: 


M ms = P.(0\ 


D 


+ N.f 


d, 

2 


(3.86) 


145 



Trong do: 

to’ = ^ .k - he so can chuyen dOng cua con lan tren vong ray, xac dinh nhir trong 
D/ 

co cau di chuyen; 

P, N, D, fj, d, - cac thong so xac d|nh ttrong ttr nhu loai banh tua theo cac cong thuc 
(3.80) va (3.81). 

Trong trudng hop ngong true trung tarn hoSc con lan ti chiu phan lire am (q < qj), 
phirong phap xac dinh luc nen len cac con lan va phan lire am dupe gidi thieu trong 
cac tai lieu chuyen nganh ve may nang va mbmen can quay do ma sat tai o chan khi 
ngong true chiu phan lire am M 3 hoac momen can quay do ma sat tai con lan ti M’ 3 
duoc xac d|nh theo (3.82) va (3.83). 

c) Vdng tua quay kieu o hi 

So vdi vong tira quay kidu banh tira va con lan, vong tira quay kieu d bi co tru diem 
la: co kdt cau kin nen dieu kien lam viec tdt hon; lire can quay nho; tudi tho cao; lam 
viec em, khdng gay lire va dap; ket cau nho gon song co kha nang chiu dupe tai trong 
ldn; chiu dupe momen, lire thang dung va luc ngang ma khong can ngdng true trung 
tarn, phia trong rdng nen tien cho viec bo tri tren may. 

Nhupc diem co ban cua vong tua quay kidu d bi la chd tao kho, doi hoi do chinh 
xac cao, gia thanh cao. Cung vdi sir phat trien cua khoa hoc kl thuat, ngay nay vong 
tua quay kieu d bi da dupe tieu chuan hoa va che tao hang loat vdi dudng kinh den 
3,2m, trudng hop dac biet co the den 
10m, cho phep nang cao chat lupng, 
giam gia thanh, tang kha nang lap 
lan va tien lpi trong tfnh toan, su 
dung, sua chua. Vi vay ma vong tua 
quay kieu o bi dupe su dung rat pho 
bien va la loai TBTQ chu yeu hien 
nay tren cac loai may x£y dung. 

Theo cau tao, vong tua quay kieu 
d bi co cac loai sau: 

- Co m6t den ba day bi cau, su 
dung pho bien nhat la loai hai day 
(hinh 3.64). 

- Co hai den ba day bi hinh tru 
(hinh 3.65a). 

- Co bi hinh tru xep cheo chu thap 
(hinh 3.65b). Loai nay dirpc dung 



1. Mflt tua trin; 2. Day bi da; 3. Vong da; 

4. Vong co dinh (co vdnh rdng); 5. Day bi giu; 
6. Vong giu; 7. Mat tua duai (be da). 
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ph6 bid'n d Nga, Anh, Phap. Trong mdt day bi, ngudi ta Idn lugt xdp cheo xen kd cac 
vidn bi tru vdi goc tid'p xuc thay d6i tir 45° sang 135°, hoat ddng cua no tirong dirang 
vdi hai day bi. 


Vat lidu lam bi la thep hap kim chiu mai mon cao nhu thep crdm. Vdng ray dirge 
chd' tao tCr thep due va dirge lam cirng b6 mat. Cac mid'ng chan bang chat deo co tac 


dung giOr cho bi phan bd' d£u trdn 
vdng lan. Vong dd 3 va vdng gift 6 
cua vong tua quay kieu d bi dirge 
li6n kdt vdi nhau va lidn kd't vdi mat 
tira trdn 1 cua phin quay bang 
buldng (hinh 3.64). Co thd di£u 
chinh khe hd (dd ra) b&ng cac tarn 
d6m giua vdng dd 3 va vdng gin 6. 
Vdng cd' dinh 4 co vanh rang an 
khdp trong hoSc an khdp ngoai lidn 
kd't vdi bd dd 7 cua phan khdng quay 
bang buldng. Be dd phai phang, 
ddng tarn va cd dd cirng hgp li, dam 
bao ap lire phan b 6 ddu trdn vong tua 
quay. Dd chding nirdc va bui ba'n, 
dudng lan dirge che kin (hinh 3.65a) 
va bdi trgn cho vong tua quay bang 



Hinh 3.65: Vdng tua quay kii'u o bi tru 
a) Bi tru ba day; b) Bi tru 1 day xep cheo chit thdp. 


bam md. 


Vdng tua quay kieu 6 bi cd didn tich mat cdt ngang tirang dd'i nho, do dd dd cirng 
ra't thap. Khi chiu tai, quy luat phan bd' tai len cac vidn bi r£t phire tap va khdng th£ 
tinh toan chinh xac dirge. Vi vay khi tinh toan vong tira quay ki£u d bi ngurdi ta cflng 
phai gia thid't va tinh toan tirang tir nhir dd'i vdi vdng tira quay kidu con lan. 


Vdng tua quay kidu 6 bi da dugc tidu chuan hoa va chd' tao hang loat. Vi vay, khi 
tinh chon vdng tua quay kidu 6 bi c&n can cu vao hudng dan va cac thong sd' kT thuat 
do nha chd' tao cung ca'p. Cd thd chon 


vdng tua quay kidu 6 bi tidu chuan 
theo tai trong thSng dung P vh 
mdmen ldn nha't M (hinh 3.66). DSc 
tinh kl thuat cua vdng tua quay ki<?u 
6 bi do CHLB Nga che tao cho d 
bang 3.7. Cac phep tinh toan ki6m 
tra dd'i vdi mdt vdng tua quay ki£u 6 
bi chiu tac dung cua cac tai trong 
tuang duang (luc ngang N, mdmen 



M, luc dung tai tarn quay P - hinh 
3.66) cd thd dugc tidn hknh nhu sau: 


Hinh 3.66: So do tinh vdng 
tua quay kii'u 6 bi cdu hai ddy 
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Lire nen ldn nha't tac dung I6n mpt vi£n bi: 

- Vong tira quay kidu 6 bi cau hai day: 

R = 4,5M + P , 2,5N , 

D.n.cosp n.cosp n.sinp 

- Vong tira quay kidu d bi tru m0t day bd tri chdo chft thap: 


R = 


8M 


2P 


D.n.cosp n.cosp 


+ 


5N . 
n.sinp 


Trong do: 

p - goc gitta phuemg cua phan lire len bi va phuang dirng (true quay), P = 45° -5- 50°; 
n - s6' vi6n bi trong m6t day; 

D - dirdng kinh vong lan cua vien bi. 

Ung suat tidp xuc ldn nhat gida vien bi va dirdng lan dirge xac dinh theo trang thai 
tidp xuc. Ddi vdi loai bi cau ta co: 


a 


max 


0,388 



^ fait* 


Trong do: 

[o] tx - irng sua't tidp xuc cho ph6p ldy tuy thude v&o vat li$u va d0 cirng b£ mat; 
E - mddun dan h6i, E = 2,1.10 4 kN/cm 2 ; 


p - ban kinh tirong dirong, p = 


Pi • Pi 
Pi “ P 2 


P] - ban kinh vidn bi; 

p 2 - ban kinh cong cua mat lan, p 2 = (0,51 + 0,62)d, vdi d la dirdng kinh bi. 

Mdmen can quay do ma sat trong vong tira quay kidu 6 bi cau hai day dirge xac dinh 
theo cOng thirc: 


M ms = 2(R, + Rj). (O’.D 

2 

M ms = & .D.(R, + R 2 ) 
d 

Trong d6: 


r,j= S : r, -= r ” ±r * 


p - he sd ma sat lan cua vien bi. 


P M 

2 ~ D 


(3.87) 
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Bang 3.7. D&c tinh ki thuat cua vong tua quay kieu 6 bi 

(theo so li6u cua BHHMIITMAW) 


Tai trpng th&ng 

<l*ng Pma.* kN 

MOmen 

M max , kN.m 

Duong kinh 
vong I3n D, mm 

Duong kinh 
bi d, inso 

S6 lupng 
bi, n 

60 

72,5 

915 

23 

32 

262 

120 

108 

1100 

25 

32 

302 

200 

274 

1295 

1 

278 

320 

583 

1460 

1 — 

16 

264 

450 

1152 

1725 

32 

262 

800 

2130 

2065 

4 

252 


§3.6. BANH XE VA RAY 

3.6.1. Cau tao chung cua banh xe, cum banh xe va ray 

Banh xe di chuydn tren ray dirge su dung rong rai trong hau hdt cac loai may xay 
dung. Tuy theo loai may va tai trong ma s6 luong banh xe tr6n m6i gdi tua co the? la 
1, 2, 3 hoSc 4 banh. Th6ng thudng sd luong banh xe tr6n m6i gdi tua khong lbn hon 4 
banh vi ndu nhieu banh xe kdt cdu s£ phuc tap va kho phan bd tai cho cac banh xe. 
Truong hop dung 2, 3, 4 banh xe tr£n mot gdi tua, ngucri ta lap cac banh xe ndi tidp 
nhau tren cung mot ray va di dam bao phan bd ddu tai cho cac banh xe va co so do 
tinh dinh, ngiroi ta dung cau can bang (hinh 3.67). 

Banh xe duoc chd tao tu thep due 40, 55 hoSc trong m6t sd trubng hop co the? dung 
thep ren, thep can. Banh xe due bang gang xam chi duoc dung trong cac may dan d6ng 
bang tay. Bi mat lan cua banh xe phai duoc gia c6ng co khi vdi d6 chinh xac cao va 
nhiet luyen ddn d6 cung HB 300 - 400 song do cung mat lan cua banh xe phai nho hon 





Hinh 3.67: So do l&p ddt cac banh xe (ren mSi gdi tua bdng cdu edn bdng 
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do cung be mat lam viec cua ray. Dd'i vdi banh xe c6 dudng kinh lan, dd ti6t ki6m vat 
lieu tOt, banh xe c6 the" lam tu hai phan: phan lOi lam tu thep it cacbon, phan vo ngoai 
lam tu thep tdt va lap vdi ph£n lOi bang mO'i ghep co do doi, lap a nhiet dO cao. 

Theo cOng dung, co cac banh xe chu dOng va b{ dOng. Banh xe chu dOng (hinh 3.68a) 
nhan chuyen dOng tu ca c^u di chuyen va nha luc bam giua be mat l2n cua banh xe va 
ray ma may hoac xe con di chuyen ducrc tren ray. So banh xe chu dOng co the" la 100%, 
50% hoac 25% tdng so banh xe cua may. So banh xe chu dong cang ldn thi luc bam 
cang ldn va do truer t cua banh xe tren ray khi chuyen dong cang nho. Banh xe bi dOng 
(hinh 3.68b) la nhirng banh xe tira, co the quay tu do quanh true ciia no. 



Hinh 3.68: Cum banh xe chu dong va bi dong 


Tdy theo loai may, cOng dung va dac didm lam viec ma banh di chuyen tren ray cd 
mat lan hinh tru (hinh 3.69a, b, d), hinh cOn (hinh 3.69c, e) cd mOt thanh ben (hinh 
3.69b, c), hai thanh ben (hinh 3.69d, e) hoac khOng co thanh ben (hinh 3.69a). Ngoai 
cac loai tren, trong may xay dung con su dung loai banh xe co mat lan cong hinh 
tang trd'ng. 



a) t>) c ) d) e) 


Hinh 3.69: Cac loai bdnh xe di chuyefn trin ray 

D £ dim bao cho banh xe di chuydn binh thudng tren ray khi co do sai lech nhat dinh 
cua dudng ray va kOt cau thep cua may (sai so che tao va lap dat), chieu rOng bO mat 
lam viec cua banh xe cd hai thanh ben phai ldn han chieu rOng cua dudng ray 30 mm 
dOi vdi banh xe hinh tru; 40 mm dOi vdi banh xe hinh con va 15 4- 20 mm ddi vdi banh 
xe di chuydn xe con. Banh xe hinh edn vdi mSt thanh ben co chieu rOng mat lan ldn 
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hern chi£u rdng cua ray it nhat 30 mm. Banh xe di chuye’n khdng co thanh ben thudyg 
co mat lan hinh tru vk ph^i duoc sir dung vdi con Ian do ben ray lap tr6n true thing 
dung 0 mdt hoac ci hai phia cua ray (trudng hop dung nhieu banh xe tren mdt gd'i tua 
vdi cau can being thi phai co con lan d ci hai ben r^y). Tren hinh 3.70 la so d6 lip dat 
banh xe hinh try khdng co thanh ben vdi con lan d ca hai phia va so d6 ke't ciu con 
lan. Truong hop dang con lan d mdt phia thi hai ben ray ddu phai dat con lan phia ben 
trong. Khe ho giura mat ben ray vi con lan khoang 20 mm. Banh xe di chuye’n khdng 
co thanh ben vdi con lan dd ben ray ngay cang duoc su dung rdng rai do tdn that ma 
sat nho, it mon, tu6i tho cao va giam tii trong dOng tac dung len ke't ca'u thep cua may. 



Hinh 3.70: Cum banh xe khdng co thanh bin vdi con Idn dd d cd hai bin ray. 


Cac loai banh xe mdt thanh ben cd mat lan hinh edn (hinh 3.71a) va mat lan cong 
hinh tang trd'ng (hinh 3.71b) thudng dung cho xe con chay tren ray treo chtf I. Mat lan 
hinh edn khi lam viec co su truot gitta b£ mat banh xe va b£ mat tie'p xuc cua ray treo 
vi day la tie'p xuc dudng ma van td'c dai cua cac diem tren durdng tiep xuc khac nhau. 


Do dd loai banh xe hinh edn tren ray treo 
chdng mon (k£ ca be mat lim viec cua ray). 
Banh xe cd mat lan cong hinh tang trd'ng khi 
lam viec cd tie'p xuc dilm nen khdng bj 
truot, it mon song ung sua't tie'p xuc Ion hon. 

Banh xe duoc dat tren true theo hai 
trudng hop 

- Dat tren true tarn: 6 nam ngay trong 
long banh xe, true khdng quay. Trudng hop 
nay cd ke't cau gon nhirng lap rap, di&u 
chinh, bao dudng va sua chtfa kho. Phuong 
an nay chi dung cho banh xe bi ddng va 



Hinh 3.71: Banh xe cua xe 
con chay trin ray treo 






thudng dung vdi 6 trugt. Trong may xay dung, phuong an nay chi dugc dung han httu 
trong cac may co tai trong nho va thudng chi dung cho banh xe chay tr6n ray treo 
(hinh 3.71). 

- Dat tr6n true tarn quay hoac true truyen tu cor ca'u di chuyen: true dugc lap vdi banh 
xe bang then, 6 nam ben ngoai va thudng dung 6 bi. Loai nay tuy ke't c£u c6ng k£nh 
horn song de kiem tra, lap dat, bao dudng va sua chua nen dirge dung rat phd bie'n, dac 
biet la cac banh xe dat tren true tam quay (loai dat true tie'p tren true truyen kho lap 
dat, sua chtfa hem). Tren hinh 3.68 la ket cau cum banh xe chu dong va bi ddng dat 
tren tryc tam quay vdi cac 6 bi dfla long cdu hai day chiu dugc tai trong ldn va co kha 
nang tu lua. 

Trong may xay dung su dung nhi6u loai ray khac nhau. Ray cho may va xe con co 
th£ dung: ray dudng sat, ray chuyen dung, thep can hinh vudng hoac hinh chff nhat co 
be mat lam viec dugc nhiet luySn. Mdt so trubng hgp dung ray treo la cac thanh thep 
can hinh chu I. Ray dudng sat va ray chuyen dhng dugc che' tao tu thep tdt co b£ mat 
lam viec la m^t cong. Ray chuyen dung cho edn true bl day ldn va mat tua len n£n 
rdng cho nen no on dinh hem va truyen ap luc d6u xud'ng n£n hoac d&m dd cua can true. 

Viec chon loai ray cho phu hgp phu thude vao che' dd lam vide cua may, loai banh 
xe di chuyen va gia tri ap luc cua banh xe len ray. Cac banh xe hinh edn thudng dugc 
dung vdi ray c6 be mat lam viec la mat cong. Banh xe hinh tru thudng dung vdi ray 
dudng sat hoac ray chuydn dung cho can true. Ray hinh vudng hoac hinh chu nhat 
thudng dung cho may co tai trong nho va khi khdng co cac loai ray chuyen dung. Cac 
loai c&n true dudng sat, cd’ng true, edn true cang thudng di chuyen tren ray dudng sat. 
Tr6n hinh 3.72, gidi thieu mot sd' each co' dinh dudng ray len ke't cau thep cua may cho 
cac loai ray khac nhau. 

Cac kich thude, t£i trong cho phep cua banh xe va ray da dugc tieu chu^n hoa. 






C6 dinh ray trin kit cd'u thep 
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3.6.2. Tlnh to jin banh xe va ray 


Trong tinh toan, tuy theo loai may, chd d0 l&m viSc va t£i trong tinh toan ma ngudi 
ta chon triroc loai ray va banh xe, cac kich thudc cua chung (chpn theo kinh nghifim, 
theo b&ng tiOu chu£n), sau do ki^m tra b£ mat tidp xuc gitta banh xe va ray theo ting 
sudt d$p. Co hai nhom phdi hap hinh dang banh xe va ray: tidp xuc dirdng ban dau va 
tidp xuc didm ban d£u. 

Tii trong tinh toan lfcn banh xe dirac xac dinh theo cOng thdc: 

P = Y.k bx .P max (3.88) 


Trong do: 

p max - tai trong Idn nhat co thd xudt hidn ddi vdi banh xe, xac dinh cho truing hpp 
bdt lai nha't ddi vdi banh xe (each xdc dinh tai trong Ion nhdt I6n gdi tira cua tung loai 
may cu thd gidi thieu d cic tai lieu chuyan nganh); 


k bx - ha sd tinh ddn chd d0 lam vific cua ca cdu, cho d being 3.8; 

y - he sd tinh ddn sir thay ddi cua tai trong trong qua trinh lam vi$c, xac dinh theo 
edng thuc: 

3 


Y = 



1 + 3 

( 1+ £) 


(3.89) 


Vdi Q va G 0 la trong luang vat nang va trong luang may kd cl trong luang thidt 
bi mang. 


Tri sd y ddi vdi cau true cho d b&ng 3.9. 


Bdng 3.8. Tri sd k bx 


Che' dp lam vi^c 

k bx 

DSn d6ng bang tay 

DSn dOng bang may: 

1,0 

- Ch£ dC nhe 

u 

- Chd dO trung binh 

1,2 

- Che' dO nang 

1,4 

- Che' do rdt nang, rat n$ng lien tyc 

1,6 


Bang 3.9. Tri so y ddi vdi c&u true 


Q/G 0 

0,05 

0,3 

0,4 

0,5 

> 1 

y 

0,98 

0,90 

0,88 

0,86 

0,80 
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Hinh 3.73 gidi thieu cac phircrng an phd'i hop hinh dang banh xe va ray. C&c phircrng 

an dirac ki£m tra theo irng sua't dap nhir sau: 

/ 

- Tiep xuc dirdng (hinh 3.73a): banh xe kep ch£t tren true va khdng thl quay tirang 
dd'i dd'i vdi mat phang vudng goc vdi true (vi du: banh xe c£n true va xe con cua n6). 


cr d = 0,418 


P.E 

b.R 


<[a] d 


(3.90) 


Trong dd: 

b, R - chi6u rdng mat ray va ban kmh banh xe; 
E - mddun dan h6i tircmg dircrng: 


E _ 2E,.E 2 

Trong dd: vdi E,, E 2 - mddun dan hdi vat lieu banh xe va ray. 

Ddi vdi banh xe bang thep (E = 2,1.10 5 N/mra 2 ) ta co: 

CTd = 190 V^” t<Jld (3,91> 


vdi cac thu nguydn: P:N; b va R: mm; [a] d : N/mm 2 . 


- Ti£p xuc durdng (hinh 3.73b): banh xe quay tir do tren true va co th£ quay mOt goc 
nhd tircmg dd'i ddi vdi mat ph&ng vudng goc vdi true (vi du: banh xe palang didn, banh 
xe trong xe dd xich tai treo...) 


cr d = 0,342 



(3.92) 


Trong dd: 

f - he sd ma sat cua banh xe trirert ngang tren ray (ddi vdi thep hoac gang tr6n thep 
f = 0,1). 



Hinh 3.73: Cdc phuang an phd'i hap hinh dang banh xe va ray 
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D6i vdi banh xe bang thep: 


cr d = 160 



(3.93) 


- Tiep xuc di£m (hinh 3.73c, d, e, f): 


P E 

a d = m. ~\j ~ y- < [a] d 

'Pmax 


(3.94) 


Trong do: 

Pmax • ban kinh tucrng durong ldn nhat, trirang hap d hinh 3.73c, d, e, lay gia tri ldn 
hem trong hai ban kinh cua cac mat tiCTp xuc R va r; 

m - ht s 6 phu thu0c vao ti sd giu*a ban kinh tuang duang nhd tr£n ban kinh tuang 

duang ldn (-B™!** = — hoSc — tuy theo R ldn han hay nhd han r); tri s 6 m cho trong 
Pmax r R 

bang 3.10. 


Ddi vdi banh xe bang thep: 

a d = 3600 jti 



(3.95) 


Bang 3.10. Gia tri h£ so m 


Pmin 

Prim 

0,05 

0,1 

0,15 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 

m 

1,28 

0,97 

0,80 

0,716 

0,6 

0,536 

_ 

0,49 

0,468 

0,44 

0,42 

0,40 

0,388 


Cac chi tiet cua cum banh xe, tuy theo kdt cau, tinh chat chiu lire ma dugc tinh toan 
theo cac phep tinh nhir trong "Sue b6n vat li0u" va "Chi tiet may". 
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Chirtmg 4 

CAC CO CAU THl/ONG GAP TREN MAY XAY DUNG 

§4.1. CO CAU NANG 

4.1.1. Cd'u tao 

Trong may x§y dung, co ca'u nang dung di nang ha vat n$ng theo phiromg thing 
dung, cflng cd the’ theo phuong nghidng. Tai trong chu ydu t£c dung ldn co ca'u la trpng 
luc va luc quan tinh cua vat nang. Co ca'u nang co thd la mpt bd phan cua may hoac 
la mOt may lam vi$c dOc lap. Theo each truydn luc l6n phdn chuyd’n ddng phan ra: 

- Co cau nang la toi cap hoac tori xich vdi tang cud'n, dla xich hoac puli ma sat; 

- Co ca'u nang vdi truydn dOng thanh rang, truydn ddng vit; 

- Co c£u nang ha nhd xilanh thuy luc; 

Co cau nang quan trpng va dupe 
dung phd bid'n la co ca'u nang vdi toi 
cap. Ca'u tao chung cua co cau nang 
loai nay bao g6m toi, cap vdi puli 
d6i hudng, palang cap cung thifc't bi 
mang vat (hinh 4.1) 

So d6 mdc cap cua truydn dpng 
cap co c£u nang dupe bd' tri theo hai 
each (hinh 4.2). Khi chi cd mdt ddu 
cap cud'n ldn tang va v£t nang dupe 
tree true tid'p dudi tang, khdng cd 
puli ddi hudng, thi trong qua trinh 
nang ha v$t, sd xua't hi§n chuydn 
ddng ngang cua thid't bi mang va vat 
nang doe theo true tang. Dd khac 
phuc hidn tupng nay, d co ca'u nang 
cd vat nang dupe treo true tie'p dudi 
tang, ngudi ta dung so dd mdc cap 
kilu palang kep cd hai ddu cap cud'n 
len tang nhu d hinh 4.2a. Khi tinh 
toan c£n chu y d^m bao goc lgch cua 
cap khi cud'n ldn tang hoac vong qua 
puli d vi tri bat lpi nha't khdng dupe 
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vugt qua gia tri cho ph6p. Ne'u ranh cap khOng dam b&o dugc viOc r^i cap tr6n tang thi 
cin b0' tri ca ca'u rai cap. 

Tai cap co cac bO phan chinh nhu: dOng ca, hop giam tO'c, tang cuO'n cap, phanh ca 
khi, khdp nO'i co bdnh phanh nO'i truy£n dOng gitta dOng ca vh hop giam tOc. Tai cap 
thuang dugc ga l£p tr£n khung be d£ tien lap rdp tr6n may hoac dat tr6n n£n. 

TOi cap co nhiOu dang khdc nhau, tai mOt tang hay nhi£u tang, tai dan dOng tu mOt 
hay nhiOu dOng ca, tai mOt hay nhidu tO'c do, tdi co cOng dung chung hay tai chuyen 
dung cho gau ngoam hai day v.v... 

Di co kich thudc gon, a tai mOt tang thudng bO' tri dOng ca va tang ndm cung mOt 
phia cua hop giam tO'c (hinh 4.3a). Khi chiOu dai cap cuO'n lOn tang qua lan, co th£ b 6 
tri hai tang a hai phia cua hop giam tO'c (hinh 4.3b). Co thd bO tri hai dOng ca va hai 
phanh d£ giam kich thudc, hoac tang do tin cay khi lam viec. Tuy theo muc dich ma 
m6i dOng ca hoac phanh co th£ chiu mOt nua hoac toan bO tai tr<?ng (hinh 4.3b). 

O ca ca'u nang co ke't ca'u ki£u khO'i (hinh 4.3c), dOng ca va cac bO truyOn dOng dugc 
bO tri gon trong long cua tang cuO'n cap. Uu di£m cua loai nay ia trQng lugng va kich 
thudc nho. Nha che' tao hang loat nen gia thanh ch6' tao khOng cao. O cac ke't ca'u ki£u 
cQ, dOng ca thuang dugc dat trong tang. Ngay nay no dugc bO' tri d ben ngoai, do vay 
cai thi£n dugc di£u kien thoat nhiet, tang dugc kha nang chiu nhiet cua dOng ca. 



Trong thuc td' khi nang ha vat, nhi£u trudng hgp dOi h6i phai di£u chinh vat nang 
vao vi tri mOt each chinh xac, do v$y phai su dung ca ca'u nang c6 hai tOc do. Ngoai 

tO'c dO nang danh nghia, con co tO'c do nho han ttir ~ de'n ~ tO'c do nang danh nghla. 
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O mdt s 6 co c£u nang khac, tuy theo mure tai, ngudi ta cflng sir dung nhidu cap td'c d0 
khac nhau trdn m0t ca cau dl tid't kidm nang lugng cflng nhu tang nang sud't lam vide. 
Thay ddi td'c d0 bang phuang phap di6u khi£n d0ng ca didn da dugc trinh bay a §2.2. 
Hinh 4.4 ndu cac phirang an thay ddi td'c dd bang ca khi thudng gap. 

Ket cau vdi khdp li hap sang sd' kidu ca khi (hinh 4.4a) chi cho phep dong md d£ 
thay d6i td'c d0 khi ca cau khdng mang tai va a trang thai dung yen. No phu hap cho 
cac tai Idp rap dan gian. Hdp giam td'c (hinh 4.4b) ngirgc lai co kha nang thay ddi ba 
cap toe dd d trang thai co tai nhd li hap dla ma sat ki£u dien tir. Phanh ca khi phai 
dirge nd'i vdi tang cud'n cap bang dang lidn ket cung dam bao an toan, vi v$y banh 
phanh dirge bd' tri d true gifla cua h0p giam td'c. 

Nd'u nhir trdn d£u ra cua true thu nh^t hdp giam toe cua mdt ca ca'u nang binh thirdng 
bd' tri mdt li hgp di nd'i vdi mdt ca cau d5n ddng phu co mOt ddng ca thu hai nhd han 
(hinh 4.4c), thi co th£ tao ra hai td'c d0 khac nhau bang each cho hai ddng ca nay lam 
vide doc lap vdi nhau. 



Hinh 4.4: Ca cd'u ndng tihiiu td'c do; 
a) Vdi li hap ca khi; b) Vdi li hap kii'u diin tit; 
c) Vdi dong ca va hyp giam toe phu; d) Vdi hai dong ca va hop giam td'c hanh tinh. 

Mdt dang kd't cau hay dung nha't cua ca ca'u nang nhidu td'c d0 la bd' tri hai ddng ca 
thdng qua hdp giam tbc hanh tinh truyen chuydn dOng den tang cuon cap (hinh 4.4d). 
Neu cho tirng ddng ca lam vide ridng le hoac ddng thdi, cung hoac ngugc chidu nhau, 
sd cho ta 4 cap toe dd. Trong tdi cap, do co bien dang ldn khi chiu tai cflng nhu vide 
lap rap khdng thd chinh xac mdt each tuyet dd'i, nen cac khdp noi lidn kd't giua cac bo 
phan chinh cua tdi phai cd khi nang ldch true mdt goc nhat dinh. Ph^n ldn cac tdi cap 
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co tang dirge bd tri mOt dau tua tren true ra hop giam tdc nho khdp ndi chuyfcn ddng, 
con m0t diiu tira tr£n goi do gSn tr£n khung b6. Hinh 4.5 mo ta ket c&i 1 mOt so kieu ndi 
gitra tang va true ra h0p giam toe. Vdi each ndi nhu vay dam bao true tang lam vi6c 
theo so d6 tlnh dinh, de lhao hip va khOng co y&u cau cao ve dd chinh x&c khi chd tao 
v& lap rap. 




II 


wktiM 


gpl 

mm 

ObMl 




Hinh 4.5: Khdp nd'i giua tang va true ra hdp giam toe 
a) Khdp nd'i kidu chot; 1. Mdt ddu tang; 2. Khdp not; 

3. Vo tang; 4. True ra hop gidm tdc; h) Khdp nd'i rdng. 

Tuy theo each ndi tai vi tri giua tang va true ra h0p giam toe ma s£ co cac luc tac 
dOng khac nhau len o do. Do cap cuon cheo tren tang, nen se nay sinh lire ngang F h tac 
dOng iSn tang va lir do ldn cac d do. Khi tinh toan can bo‘tri 6 do cho phu hop vdi dac 
tinh chiu tai cua no. Mat khac can kiem tra kha nang chin tai cua 6 do hop giam tdc 
do lire hudng kinh truy£n qua khdp ndi (hinh 4.6). 


BUB 


a 


m 


.i ,t.i -i' it t-1'- '•!' -f-ru i 

1 * 


Hinh 4.6: Luc tdc ddng len goi do tang va hop giam toe 
a) Khdp noi chi truyen mdmen xodn; b) Khdp nd'i truyin mdmen xodn va luc hudng kinh; 
c) Khdp ndi truyen mdmen xodn, lire hudng kinh va lire doe true. 









4.1.2. Tfnh toan ccr c&'u nfing 

a) Mdmen quart tilth quy ddn trong ccr cd'u 

M0t ccr ca'u hoat d0ng cung vdi kdt ca'u kim loai cua may co thd coi nhu m0t hd gdm 
nhidu khd'i lugng dugc lidn kdt vdi nhau bdi cac khau dan h6i. Vi du co thd xem vat 
nang, xe lan, rdto d0ng ca didn, banh xe v.v... la cac khd'i lugng tap trung con cac lidn 
kdt dan h6i la true, day cap, cac thanh dam v.v... Trong trirdng hap nay sd xua't hidn 
cac dao dOng dan h6i tuang dd'i gitta caC khoT lugng vdi nhau, khi nay sd xua't hidn cac 
tai trong d0ng va ngirdi ta goi no la cac tai trong ddng dan hoi. D3c tinh dao d0ng va 
dirdng bidu didn sur thay ddi gitfa cac tai trong dan h6i theo thdi gian chiu anh hudng 
rat ldn cua ngoai tai cflng nhir each thurc didu khidn ddng ca dan ddng ca ca'u. 

Trong tinh toan cac ca ca'u may, dd dan gian, hien nay ngirdi ta su dung sa dd tinh 
dan gian nhdt la sa d6 mdt khd'i lugng chiu tac ddng cua tai trong bdn ngoai. Trong sa 
d6 khdng tinh den cac chuydn vi dan h6i 
tirang dd'i gitta cac bd phan vdi nhau. Vdi sa 
d6 nay cho phep xac dinh dirac quy luat 
chuydn ddng cua tarn khd'i lirang cua ca ca'u. 

Tai trong ddng dugc xac dinh khdng tinh ddn 
do dan hdi cua cac b0 phan ca cau dugc goi 
la tai trong ddng quan tinh. Khi khao sat sa 
dd mdt khd'i luang, cac khd'i lirang tham gia 
chuydn ddng tjnh tid'n va cac khd'i luang tham 
gia chuydn ddng quay trong ca ca'u dugc thay 
thd bang m0t khd'i lugng quy ddn theo 
nguydn tdc Id: d0ng nang cua ca ca'u va d0ng 
nang cua h0 quy dSn, co tinh ddn tdn that do 
luc ma sat thOng qua dai lugng hidu sudt, 
tuang duang bang nhau. 

Gid su edn xac dinh mdmen quan tinh quy 
dan vd true d0ng ca trong qua trinh md may 

ccr cau nang (hinh 4.7), phtrong trinh ca ban a > Cdc kh6i f’ han b6 ’ ,rin cic 

b) Quy ddn cac khd'i luang v$ true ddng ca. 

can bang nang lugng sd la: 



• -> k w 

E 0 = = £ Eji+ Z E„ 

2 i-1 u = i 


Tu phuang trinh trdn co mdmen quan tinh quy dan quy vd true quay nhanh 1 (true 
d0ng ca) 



w 

+ E 


u = I 
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(4.1) 


vdi 


II 

i-1 

= n ij,j+i 

j= i 

i-l 

u - 1 

n nj,j +I ; 
j=t 

J 

C 

II 

“3 


Trong do: 

J,, Jj - mdmen quan tinh cua cac tie't may quay tr6n true 1 hoAc true i; 

(pj , <pj - tOc (15 goc cua true 1 hoAc true i; 
ij j + j - ti sO truyen giira true j va true j + 1; 
k - t6ng sO true trong he thOng; 
m u - khOi lugng chuy^n dOng tinh tie'n thu u; 

X u - tOc d6 chuy£n dong cua khdi lirgng u; 

w - tOng s0 cac khoi lugng chuy^n dOng tinh tie'n trong he thOng. 

Dau cua mo hieu sua't se 1 A dircrng khi M,.cp, <0, Am khi M,.(p]>0. 
Momen quan tinh quy dSn co cau nang quy vO true 1 tren hinh 4.7 se la: 
Khi mo may nang vAt 


K = Jqi + my - 
4 


l 


■ n Q 


Trong do: J qI = J 5 + J 2 -+ J 3 - —- - 

>7.2- ni ,2 n.s • *2,3 • ni .2 • ni.3 

i 0 = ii,2-t2,3-a — i g .a 

n 0 = ni. 2 . n2.3 • nT • np = n g • nr • np- 

Phanh khi ha vat: 

7 7 fir no . 

■'o ~ •'ql + ^ A ' i 

4 i- 


vdi 


Jq. 


= J, + J' 


ni,2 

>i.2 


+J nunw 
' -2 -2 
11,2 * ti.3 


(4.2) 


Trong do: 

i g , rig - ti sO truyOn va hi6u suat truy6n dOng hOp giam tOc; 

d T , % - dircrng kinh va hieu suA't tang; 

a, r)p - bOi suat palAng cap va hieu sua't cua no; 

J q) , J q , - mdmen quan tinh quy dAn cac khOi luung quay cua he thOng quy v6 true 1, 
thoi ki mo may hoAc phanh. 
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Trong J, tmh ca mOmen quan tinh cua r6to dong ca di£n. Ngoai ra d£ giam bdt khO'i 
lirgng tinh toan, thirang khi tinh mOmen quan tinh quy d5n cac kh6i lirgng quay ngirbi 
ta chi tinh J, r6i nhan vdi he so a = 1,1 -r 1,3 de tinh den quan u'nh cac kh6i lirgng 
quay d&t sau true 1. Gia tri a tSng khi ti so truy^n chung giam. 

Jqi ~ Jqi & Ji .a . (4.3) 


Trong cac s6 tay v& katal6, nhidu khi ngiroi ta khong cho gia tri mdmen quan tinh 
J ma cho gia tri m&men da (mftmen v6 lang) ciia cac tiet may quay, ki hieu la GD", Nnr. 
Quan he giura hai dai lirgng nay la: 


J = 


GD 2 

4g ; 


Trong do: 

G - trong lirgng chi tie't quay, N; 

D - dirang kinh quan tinh cua chi tie't quay, m; 
g - gia td'c trong trirang, m/s 2 . 


(4.4) 


thuan tien tinh toan, ta co the dung dai lirgng momen da quy d&n ve true 1 suy 
ra tir quan he (4.1), (4.3) va (4.4): 


GD 2 = a I(GD 2 ), + 


Q 

io-Tlo 


GD 2 = aZ (GD 2 ), + Q ' d ^ ; (4.5) 

*0 

Trong do: Z(GD"), - tdng mQmen da cac kh6'i lirgng quay tren true 1 (roto d6ng ca, 
khdp nCii, banh phanh, banh rang v.v...) 

Trong phep tinh d6ng lire hoc dl xac dinh lire tac dung trong day cap ca cau nang, 
cac khoi lirgng chuyen d6ng dirge quy dftn v£ vat n^ng theo chidu chuyen dong tinh 
ti6'n cua vat nang. Tir phuang trinh can bang nang lirgng co the nhitn dirge nh&ng bieu 
thirc tinh khoi lirgng quy dfin ve vat nang tirang irng trong cac qua trinh ma may va 
qua trinh phanh nhir sau: 

aZ(GD 2 ),.i 2 

m n = m +-- ; 

g-dj-^o 

- aS(GD 2 ),.i 2 q 0 

m 0 «= m +- - - • — . 

g.d T 


b) Tmh toan co cci'u nang 

Cac thbng so ki thuat dac trung cho ca cau nang la sire nang Q (t ho3c kN) va toe 
dO nang v n (m/s). Tir hai thong so nay co the xac dinh dirge b5i suat palang a, lire cSng 
cap Idn nha't a nhanh cud'n len tang S T va tb'c dd cu6n cap v c = v n .a, dirdrng kinh cap d c 
va dirang kinh tang d x (xem § 3.1). 
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Tdc d6 quay ckn thi^t cua tang: 


n T = 


tz (d T + d c ) 


; (v/ph) 


Vdi v n (m/ph); d T , d c (m) 

Cdng sukt ddng ca dd nkng vat Q co tdc d6 v n se lk: 


N = 


Q-Vn 

60.1000ri o 


;(kW) 


Trong do: r\ 0 - hidu suk't chung ca cku nkng; Q dirac tmh lk N, v n (m/ph). 

Tri sO tai trong nkng Q dirac tmh bao g 6 m ca trong lining bkn thkn thid't bi mang vk 
palkng cap. 

Mdmen ckn t!nh trdn tang quy v 6 true dOng ca se lk: 

S T (d T + dc) 

M t = . ; 

2 . i g rjg . t|t 

Trong do: 

n dc 

i g - ti sd' truyOn hbp gikm tdc, duac xac dinh i g = —; 

fly 

n^ - tdc d 6 quay cua true dOng ca. 

Mdmen phanh tmh toan se lk: 

w _ S T (d T + d c ) 2 w 

Mph g ■ Op • "Ht * ^ph * 

Z1 g 

i’g^’g-ti sb truykn vk hieu sukt truykn dOng tik’ true dkt phanh d£n true tang; 

K ph - he sO an tokn phanh, thuang Iky bkng 1,5 2,5. 

Mdmen dOng ca vk mdmen phanh thay ddi theo tOc dO quay, dkc bidt rd net 1a phanh 
didn. Dd xac dinh thai gian md mky vk thdi gian phanh mOt each dan gian, trong sa 
d 6 mdt khd'i lirang cua ca cku (hinh 4.8), ngirai ta coi mdmen dOng ca M va mdmen 
phanh M lk dai lirang khdng ddi. Gia tri mdmen dOng ca dirac lay bkng gia tri mdmen 
md may trung binh theo bkng 2.2. Cac mdmen ckn tinh M, khi md may vk M t khi phanh 
edng dirac coi lk khdng ddi. TCrphuang trinh ckn bkng mdmen d thdi ki md may (khdi 
ddng tCr trang thai dirng ydn vdi <p = 0 vk <p = 0 khi t = 0 ). 


M d = J 0 . cp = M m - M t 
.. M m - M t 

Ta co gia tdc goc: (p = - = const 


I 

r.. M m -M t 

tdc dO goc: 9 = J cp.dt = ---• 1 vk 

~ J n 





Hinh 4.8: Sa dd mQt khd'i luptig 
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goc quay: 


<P 


= J<P-dt - 


M m -M, t: 

J„ * 2 


(4.6) 


Thai gian md may tur td"c dd goc (p 0 = 0 de"n td"c dd lam vide 6n dinh cp od la 

^o‘9od 


tm = 


= t ; 


M m -M t 

Trong^do: t - thdi gian md may ddng ca. 

Tirang tu co thdi gian phanh: 

= j 0 -<Pod = - 
P M _-M, T 


(4.7) 


(4.8) 


Trong dd: x - thdi gian phanh. 

Ne'u chi6u cua mdmen cln M, hole M, thay ddi, ta thay d6i dl'u cua cac dai lugng 
nay, cu the la khi ha vat, mdmen M m vl M, cung dau: 

■lo - 9od 


tm = 


+ M, 

_ *tp • 9od » 

p “ M„ + M, 


va 


(4.9) 


(4-10) 


Dd tidn tinh toan, thay gia tri mdmen quan tinh quy din J 0 va J 0 blng mdmen da quy 
dan GD 2 vl GD 2 dugc xac dinh theo (4.5) vlo (4.7), (4.8), (4.9), (4.10) vdi chu y II: 


Ttn, % GD- 
cpod = ©i = " va J = 


ta se co: 


t m = 

m 


1 p = 


30 
GD?. n, 


4g 


375 (M m ± M,) 
GDln, 


s; 




(4.11) 


(4.12) 


375 (M p ± M,) 

Trong cdng thirc trdn GD 2 dugc tinh la Nm 2 , n, la td'c dd quay cua true dOng ca, v/ph 
va cac gia tri M m , M p , M, ddu dugc tinh II Nm. DI"u tru d mlu sd' ung vdi qua trinh 
nlng vat vl dau cdng Lrng vdi khi ha vat. 


c) Trinh tu tinh todn co c&u nclng 

Cac sd lieu can bie't trude de tinh toan ca cau nang la: 

- Tai trong nlng Q, N; 

- Chi£u cao nang II, m; 

- Td'c dd nang v n , m/s. 

- Che" dd 11m vide cua ca el'u. 
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Trinh tu tinh toan nhir sau: 

1. Lira chon so d6 ca cau 

2. Can cu vao sa d6 lu6n cap d budc 1, xac dinh bdi sul't paling, luc clng cap ldn 
nha't va chQn cap. 

3. Xac dinh cac kich thudc ccr ban cua tang va puli. 

4. Tinh s 6 vong quay ydu cau cua tang dd dim bio tdc dd v n . 

5. Tinh cong suat ddng ca dien, chon ddng co, kidm tra ddng co theo cac budc d §2.2. 

6. Dira vao cdng suat, ti sd' truydn chung ydu cau, sd' vdng quay true vlo, ch6' dd lam 
vi£c cua co cl'u, tidn hanh thidt kd (hole chon) hd thd'ng truydn ddng. 

7. Tinh mdmen phanh, chon phanh va kidm tra gia td'c phanh. 

8. Tinh toan thiet ke cac bd phan chiu lire con lai nhir cum moc treo, kep dau cap 
tr6n tang, true tang, gdi dd true tang v.v... 

§4.2. CO CAU DI CHUYDN 

Co cau di chuyen co nhiem vu tidp nhan va truydn toln bd trong luang cua xe may 
xudng nen va tao cho may chuydn ddng theo hudng mong mudn trong qua trinh lam 
vi$c. Theo die didm cua dudng vh bd phan di chuydn, phan ra co cau di chuydn trdn 
ray, co cau di chuydn banh ldp, ca cau di chuydn blnh xich vl mdt sd dang die bidt 
khac nhu co cl'u di chuydn tu budc v.v... Nhin chung ddi vdi cac may xay dung va lam 
dudng ddu trang bi bd di chuydn la banh ldp hole banh xich. Ddi vdi mdt sd loai may 
nlng nhu can true thap, cdu true, edng true, co ca cau di chuydn tren ray. 

4.2.1. Ctf cau di chuyen tren ray 

So vdi ca cau di chuydn tren ray cua cac may van chuyen ngang thi d cac c&n true, 
ap luc len cac banh xe di chuydn ldn hem, nhung toe dd chuydn ddng nhd hon nhidu, 
thudng khdng ldn hon 2,5m/s, va dai bd phan duac dan ddng didn. 

a) Cau tao chung 

Mdt ca cau di chuydn bao gdm mdt hole mot cum banh xe, duac dan ddng bdi ddng 
ca thdng qua hd thd'ng truyen dong ca khi nhu hdp giam td'c, khdp nd'i, trong nhidu 
trudng hpp con co bd truydn banh ring de hd. Dd dung xe chinh xac, trong ca cau co 
dlt phanh, phanh thudng dat d true thu nha't, nai co mdmen xoln nho. 

Su khac biet ve cau tao cua cac ca cau di chuydn trdn ray phu thudc vao: 

- Dudng ray di chuydn: di chuydn kidu treo tren ray (thudng la tr6n hai canh dudi 
ddm chd I) hole di chuydn tren dinh hai ray; 

- Cach truyen lure: banh xe dan ddng hay cap keo; 

- Cach truydn mdmen xoln I6n banh xe (qua blnh ring, qua true) (hinh 4.9); 

- Kdt cl'u cua he truydn ddng: kin hay hd; 
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- Cach thirc dan ddng: dan ddng chung, din ddng rieng. 

Trdn ccr cau di chuyen hay ray, thirdng xuat hidn hien tirgng di chuyen lech do co 
sir sai khac vd dirdng kinh va toe dd quay cua cac banh xe chu ddng. Vide dam bao 
cho hai bdn xe di chuyen deu nhau s£ giam dirge sir bid'n dang cua khung xe, do dd 
giam dirge lure can chuyd’n dOng do di chuyen xien lech. De han che do xien Idch, trirdc 
hdt va chii yen la ket can kim loai cua khung xe hoac toan may phai co do cling virng 
cao. Mat khac, gcr banh xe hoac cac con lan dan hudng efing han che sir di chuyen lech, 
tuy nhidn sd xuat hien cac lire can phu trong co can cflng nhir lire lac dung phy len ket 
ca'u kim loai. 

Co cau di chuyd’n dSn dong chung (hinh 4.10) dirge dung cho cac xe lan cua cac c&n 
true kieu cau (cau true, edng true) hoac cho cau true co khau dd nho. cac may ddng 
epe di chuydn tren ray v.v... 



Hinh 4.9: Truyen momen xodn lin bdnh xe ddn 
a) Trite banh xe la true tdm: J. True ddn; 2. Do truyen banh rdng ho; 

3. Goi do true; 4. Banh xe; 5. Ray; 6. True banh xe; 7. Bt 3 do true banh xe; 
b) True banh xe la true trityin: 8. True ddn; 9. Khdp nb'i 

Vdi xe lan hoac cau true co 
khau dd rat nho, co thd’ dung so 
do truyen ddng von true quay 
cham (hinh 4.10b). O day dong 
co lam nguon dan ddng chung, 
mdmen xodn dirge truyen qua 
hop giam td'c va sau dd dd'n cac 
banh xe, nhd true truydn ddng. 

Tuy theo khau do ma true 
truyen ddng co the dirge chd' 
lao thanh 2 hay nhidu doan, 
dugc ndi vdi nhau bang cac nd'i 



b) 

Hinh 4.10: Cac so do co ed'u di chuyen ddn dong chung 
a) True truyin quay nhanh, b) True truyen quay cham. 
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true va dirge dor bang cac 6 dd trung gian. MCmen truyen qua true truyen d0ng d cap 
cham nen co gia tri ldn, do do ban than true, 6, khdp ndi deu co kich thude va trong 
lugng ldn. De giam nhe, co th£ dung kdt cau true rdng. Vdi khau do ldn, true dai, goc 
xoan true se ldn, anh hudng den su di chuyen deu hai ben. Truong hop nay dung scr d6 
truyen ddng vdi true truyen quay nhanh (hinh 4.10a), truyen mdmen ngay tu hai dau ra 
cua dong co den cac banh xe thdng qua hai hop giam toe d hai ben. Vdi cung c6ng suat 
truyen, true quay nhanh co trong lugng nhd horn 4 - 6 lan so vdi true truyen quay cham, 
va mac du phai dung den hai hdp giam toe, trong lugng chung cua co cau khong tang. 

Tuy nhien d day co yeu cau cao ve do chinh xac ( lap dat cac 6 dd va phai can bang 
dCng cac ti6t may quay. 


Co cau di chuyen dan ddng rieng g6m cac cum rieng biet d mOt hoac hai ben dudng 
ray. M6i cum d£u co dong co va hop giam toe rieng. Gida hai banh xe dan khong co 
lien ket co khi. Trong he thong nhu vay co hien tuong tu ddng san tai giua cac ddng 
co dien. De phong phan bo tai khdng deu gitfa hai ben, tai trong tinh toan cho mdi co 
cau duoc lay bang 60% tai chung. Trong co cau di chuyen dan dOng rieng, dong co co 
thl bd tri doc hoac ngang so vdi dudng true ray. Khi bd tri doc (hinh 4.1 lb) dung h0p 
giam toe banh vit true vit hoac hCp giam tdc banh rang cdn. Ket ca'u nay dam bao cho 
co cau co kich thude nhd gon. Bd tri ngang thudng kho ga lap (hinh 4.1 la), do vay hay 
dung h0p giam tdc kieu treo (hinh 4.12). O ke't cau dang nay, dong co va phanh nam 


phia tren cua hdp dd true banh xe. Tren nhidu may, ngudi ta cdn su dung dong co co 
gan san phanh (thudng la phanh dia kieu dien tir lap phia du6i ddng co), d0ng co lap 
edng xdn tren h6p giam tdc nhd mat bich. Loai nay co ket c£u nho gon, de ga lap. 


j- T f 


T 

-I 


o) 



ttt 


Hinh 4.11: So do co edit 
di chuyen ddn dong rieng. 

a) Co cdu di chuyen ddt trin hai phia ray; 

b) Co cdu di chuyen d$t trin mdt phia ray. 



ri£ng vdi hyp gidm tdc kidu treo. 
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Khi co hai banh xe dan trong m6t cum banh xe, each bd 
tri ca cau di chuyen nhu so d6 tr6n hinh 4.13. 

6 co cdu di chuydn ki£u treo, ray thirong la ddm thep 
chtf I, cac banh xe chay tren hai canh dudi cua ddro (hinh 
4.14). Co cdu di chuydn kieu treo co the dan d0ng bang tay 
nhd ddy true tidp hodc thdng qua banh k6o xich. Trong 
trudng hop dan d0ng di£n, mdmen xodn dirge truyen tvr 
d 0 ng co de'n banh xe qua cac cap banh rang. Cac banh xe 
co thd dirge dan d0ng mbt ben hoac ca hai ben, co thd dan 

d6ng mdt banh xe, hai banh xe hay ca 4 banh xe. Dan ddng a , , , 

mot ben den gian horn trong che tao va lap rdp nhtrng gay chuy(n v&t hai hdnh din 

xien lech xe, chi dung khi di chuyen tr6n dirbng thdng. Do tr g n m qt C um bdnh xe 
khi di chuyg’n tren hai canh dirdi cua dam I, ap luc banh xe 

len dam gay nen cac ung suat uOn cue b0 kha ldn, cflng nhu dudng kinh banh xe bi han 
che, nen ngudi ta dung nhidu banh xe cho mbt co cau di chuyen khi co tai ldn (6, 8, 12 
banh). Vi chdt lugng cua be mat di chuydn bi han che, nen t&c d6 di chuyen d loai nay 
khdng vugt qua 0,5m/s. 




Hinh 4.14: Ca cdu di chuyi'n kii’u treo 

1. Ddm dinh hinh chit I; 2. D$ng ca diin: 3. Bu l&ng liin kit; 4. Tdm treo; 5. True truyin. 


Lgc vong ma banh xe dan truydn cho ray bi gidi han bdi kha nang bam gitta banh 
xe vdi dudng. Ndu van tbc cang ldn thi chdc chan gia tbc se cang cao va s 6 banh xe 
din ddng s£ phai tang len. Co the khde phuc han che' tren bang each diing co cdu di 
chuyen ki£u day keo (cap keo). 

Co cdu di chuydn cap keo dugc dung nhidu tren cac can true thap, edn tryc edng va 
edn true cap. No se dugc gidi thi^u kl trong cac sach chuyen nganh. 












b) Tinh todn chung co cd'u di chuy/n tren ray 
- Lire c&n chuydn d0ng cua xe di chuydn: 

Lure can tinh W t tac d0ng trong moi then ki chuydn d6ng 6n dinh va khOng 6n dinh 
cua may. Do la cac thanh phan luc c&n do ma sat W lt do ddc cua dtrbmg ray W 2 va do 
gio W 3 . Thanh ph&n W 3 chi dirge kd ddn khi may lam viec ngoai trui. 

W t = W, + W 2 + W 3 (4.13) 

Luc c£n ma sat W| la luc vong trgn banh xe tai vi tri tidp xuc gitfa banh xe vdi dudng 
ray. Nd co chieu lu6n ngugc chidu chuydn d0ng. W, la m0t dai lugng thay the' tuong 
duong cho cac luc c&n lan gitfa banh xe vdi ray, ma sat trong 6 true banh xe va ma sat 
gitfa thanh banh xe vdi canh b6n cua ray. Phuomg trinh can bang mOmen (hinh 4.15) 
khi khOng kd den ma sat thanh banh: 


W,-y = F-H + M z 


Fp + F. f. — ; 
2 


hay 


W, 


2p + f.d 
d R ’ 


Trong do: 

p - he sd can lan, mm, (bang 4.1); 

f - h£ sd ma sat d true quy vd dudng kinh ngtfng 
true (bang 4.2); 

d R , d - dudng kinh banh xe va ngdng true banh 
xe, mm; 

F - tdng 4p luc th&ng dung len cac banh xe, N. 



Hinh 4.15: Md hinh 
tinh luc edn ma sdt. 


Dd kd ddn ma sat thanh banh, dting he sd k. He sd k phu thude vao dang banh xe, 
loai 6 true cflng nhu each din d6ng. Gia tri cua no cho d bang 4.3. Cudi cung co: 


W, - F 


2 P + Fd \ 

d R ) 


F. to ; 


0 ) dugc goi la he sd can chuydn dOng. 


(4.14) 


Bang 4.1. Hfc sd can 13n p, mm 


Ray 

p (mm) khi dudng kinh banh xe, mm 

200 va 300 

400 va 500 

600 va 700 

800 

900 va iooo 



Ddi vdi banh xe tl 

i£p 


Ray bang 

0,3 

0,5 

0,6 

0,6 

0,7 

Ray dinh 16i 

0,4 

0,6 

0,8 

1,0 

1.2 



Dd 

i vdi banh xe g£ 

mg 


Ray b^ng 

0,4 

0,6 

0,8 

0,8 

0,9 

Ray dinh ldi 

0,5 

0,7 

0,9 

1.2 

1.4 
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Bang 4.2. He so ma sat 6 true f 


Loai 6 

6 trupt 

6 lan 

Ket cau d 

— 

Dd hd 

Dd kin, co ddu 

6 bi va 6 dua 

6 con 

f 

0,10 

0,08 

0,015 

0,02 


Luc can do do ddc dudng ray: 

W 2 - F.sina « F.a (4.15) 

a - d6 ddc cho phep cua dudng ray; a = 0^02 vdi ray xe lan tren cau true; a = 0,003 
vdi ray edng true va can true chan de; a = 0,001 dd'i vdi ray can true dat tren d&m thep 
vdi nen be t6ng cdt thep; a = 0,004 vdi ray c&n true dudng sat tren nen da dam, ta vet 
g6; a = 0,005 vdi ray can true thap. 


Bang 4.3. He so k 


Dang bdnh xe 

Vi trf dat co cSu 

Dan ddng co cau 

k 

Ghi chii 

Con 


Chung 

1,2 


Hinh tru co gd 

Cau true 

rieng hoac chung 

L5 


Hinh tru khdng co go 


U 

Vdi con lan dan 
hudng ben canh 

Hinh tru cd gd 

Xe con can true 

Chung 

2,5 

Vdi dan day cung 

2,0 

Vdi cap dan dien 

Hinh edn co 1 gd 


Mpt phia 

2,51 

6 Iftn 


Cau true treo 

2,0 

6 trupt 


Hai phia 

2,01 

6 lan 



1,82 

6 trupt 

Hinh tru co gd 

Can true thap 


1,4 

O trirpt 



2,0 

6 lan 


C6ng true 


1,8 

6 trupt 



3,2 

6 lan 


- Ap luc tua va lure nen banh 

Cct cau di chuy^n cua hdu het cac may d6u co bd'n cum chan tua. Di6u nay doi hoi 
dirdng ray ca cau di chuy^n phai dupe lap dat mdt each chinh xac. Nhd ddi xung n£n 
kdt cau kilu 4 cum chan tua tang dupe dd on dinh may cung nhu cai thien dupe di£u 
kien lam viec cua co c&'u. Khi tua tr6n 3 cum chan tua, may dS dang di chuy^n quay 
vong, yeu cau ve do bang phang dudng ray cung thdp hon so vdi khi tua tren 4 chan tua. 
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Ap luc d cac chan tua dugc truy6n 
xu6'ng dirang ray thdng qua banh xe. 
N£u ap luc tira Ion co th£ tftng sb 
banh xe cua mOi chan tua. Ap Itrc 
dirge phan xubng cac banh xe nay 
thOng qua he thong dac bi£t goi la 
cau can bang (hinh 4.16). 

D6 xac. dinh gan dung ap lire len 
cac chan tira, sir dung m6 hinh nhir d 
hinh 4.17. MO hinh la mot tain phing 
tuyet d6i ci'rng tira Iren 4 16 xo co do 
ci'rng nhir nhau. 

Dtrong thang dung di qua S goi la 
true chinh cua he 16 xo, tire la tai 
diem nay, cac lire thang dung se tao 
ra d 4 diem tua co sir dich chuyen 
bang nhau. Bai loan se la phuc tap 
khi ma true ddi xirng, true chinh cua 
16 xo va true quay cua may khong 
tiling nhau (d cac may di chuyen 
banh 16'p). Co the quy ve mo hinh 
don gian trSn mot each de dang khi 
ma true doi xirng va true chinh trung 
nhau, song khOng trung vdi true 
quay cua may bang phirang phap 
ddi luc. 





Trong moi trudng hop, cac ngoai luc deu co th6 quy ve mot lire thang dung F () do 
be di chuyen gay ra va F 0 do phan quay gay ra tac dung tai true chinh he 16 xo, mot 
luc ngang (khong dua vao trdn hinh ve) va hai m6 men M ux , M uy hofle M ov va M ow . Goc 
quay i \f chi vi tri tuc thdi cua vec to m6men phan quay M 0 . 


Ap lire tua cua mot diem ttra nao do s6 la: 


F = F + F 

* 1 x HI ^ 1 10 


Phan ap lire do be di chuyen gay ra se la: 


F 


iu 


F, ± M^ 

4 _ 2b 21 


va phan ap luc do phan quay gay ra la: 

F, 


Fio = 


o + M /cos^sim^ 
4 ~ ov V 2b 21 )~ 


m + 

ow l 2b 


COS\|/- 
21 • 


(4.16) 
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Tu (4.16) co: 


= F. 

+ 

1 

ii 

M ux 

+ 


1 u4 

4 

2b 


21 ; 

_ K 

_ fa _ 

M ux 


M uy . 

~ r u2 

4 

2b 


21 

la m0t 

ham cua 

goc 

i}/. 

L^y dao 


(4.17) 


bang 0, rut ra: 


tg(\|/ + k7C) = 


M ow M ov 
b ~ / 

^ow M ov 

~T + b 


Thay gia tri cua goc \|/ & (4.18) vko (4.16) c<5: 

F = — + — . VM: + mF ■ 

* omax ^ 2 ^ nTA ov T iT1 ow > 

f = — —- • VmF+ n5~” • 

1 omin ^ tw ' lrl ow » 


vai h theo hinh 4.18: 


h = 


b./ 


Ket hop (4.16), (4.17) va (4,19) c6 
F mav = F, 


F 0 + F u 


4 max 


: F _ F 0 + F,, M, 

min ~' * 2 min 

4 


V? 

+ / 2 

M U1 

L + MHZ 

2b 

21 

Mux 

Myy 

2b 

21 


2h 


i 0 v ' if4 ow 


'JmT+m! 


ov 14 ow 


(4.18) 


(4.19) 


(4.20) 


Trong nhi&u trircrng hgp co th€ xay ra may chi tua tr&n 3 di£m tua. Nguydn nhan: 

- Do tai trong dan ddn ap lire tua cua 1 trong 4 goi bang khOng. 

- Khdng ph^i do tai trong, ma do co sir sai lech v£ do cao cua dirang ray, dan d£n 
co 1 g6i khOng ti£p xuc mat dirang. GiS sur ap lire tira F 2 la ap lire nho nhat dirge tmh 
theo (4.16). Cho F 2 = 0 ta co b£t d£ng thirc 




cosy _ siny 
b l 


) + Mov 


f sm V 

V b 


SS®3L\ 

/ 


* 


F„ + F 0 


M ux Mjj 




) 


l 


(4.21) 


Bat d&ng thurc nay la di6u ki6n dd xiy ra hi$n turang may chi tira tr6n 3 di£m tua. 
TCr (4.21) cho phep xac dinh dugc mien gia tri cua goc y thod man ba't dang thuc tr6n. 
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Nho (4.20) co th<* ki^m tra m6t each dcm gi&n hem xem co th£ x£y ra hi£n tuong co 
mOt gC'i ap lire tua bang 0 khi cho F 2min < 0. 

F +F 

1 u ' 1 o 


h 


ov + M ow ^ 




2 b l 

Sau khi bo F 2 thi may chi tua trfin 3 gbi 1, 3, 4. Tu hinh 4.18 co: 


F, = 


F u + F, 


- - ^ - f 2 ; 


F u + F 0 




- ^4 


Mov + M^w ; 


(4.22) 


F 4 = 


M ux M u . 


+ 

b / 


Hinh 4.18: Co cd'u di 
chuyi'n tua trin 3 goi tua 
a) Phu thude veto tdi trong: 
h) Phu thude vao duong ray. 


-4 

h 


Mov Mow ■ 


(4.23) 



ra 6 hinh 4.18b. Gia sir g6'i 2 khdng tie'p xuc voi mat duong, ta co: 


Fj = " ~~ " 9 - y (Hy “ M ov .sin.\jr + M ow .cosy) ; 

F + F 1 

F 3 = " — - r(M ux + M ov .co9|i + M ow .sin\|/) ; 

2 b 

F 4 = F u + F 0 - F, - F 3 

= y (M uy - M ov siny + M 0W cost|/) + y (MU + M 0V cos\j/ + MowSiny). (4.24) 


Truong hop m5i m0t gtfi tua co tu 2 banh xe tro l£n, vi£c xac dinh lire n6n banh I6n 
tiftig banh xe phu thubc vao ket ca'u cua cum banh xe va lien ke't cua cum banh xe voi 
chan tua cOa may. Hinh 4.16 la each thuc bb tri banh xe thubng gap. 

Bai toan xac dinh luc nen banh len banh xe trong m6t chan tua \6\ h0 thtfng cau can 
bang duoc vi du cho truong hop co 4 banh (hinh 4.19). F vi la cac lyre nen banh c£n xac 
dinh cung vdi luc ngang F hi . Vi0c phan b6 F h tr6n 4 banh xe phu thu0c vao ciu tao cua 
co c^u di chuySn. 
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Hinh 4.19: Luc tac dung lin cac bank xe 


Ta co cac cong thuc chung: 


F v = 2 F vi ; 

i-I 

FvA Fy| ■+■ Fy2 5 
FhA — Fhl * 


F„ = £ F hj ; 

t = I 


Fvb = F v3 + F v4 
Fhb = F h3 + F h4 . 


Xet can bang mdmen doi vdi khb'i tren co: 


„ = + £h 5® . 

vA.B 2 4 


va vdi khbi dudi co: 

F 


v1,2 


a 


F v F h h 0 

7-7T ±( F hl + F h2 ) 


a 

h„ 


h-hp 
2a 
h - h„ 


: - = 4 + i'a ±( ^^"2a 


(4.25) 


(4.26) 


Trong cac phirong trinh xac dinh luc thang dung tac dung len cac banh xe d£u co 
cac thanh phan lire ngang F hi . Neu nhu chi co mbt khd'i can bang g6m 2 banh xe dugc 
d£n dOng, lire ngang tr6n cac banh xe khdng dirge dan dong dugc lay bang 0. Khi dan 
dOng ca 2 khbi, coi toan bo luc ngang phan d6u cho ca hai khdi. 

- Hidn tugng quay tron, trugt trom - Ki6m tra bam co cau di chuyen: 

Mdmen tu ddng co truy^n dd'n banh xe dan tao ndn d khu vuc ti£p xuc gitta banh xe 
vdi mat dudng nhflng phan luc ti£'p tuy£n. Nhflng phan luc nay hubng theo chi£u chuyen 
ddng cua may va co tac dung day may vi phia trirdc. Hgp luc cua cac phan luc noi tren 
goi la phan luc d^y cua dudng. Luc dan tiep tuy6n d£n banh xe chu ddng khdng phai 
luc nao cQng dugc su dung hoan toan, vi trong qua trinh chuyen ddng, doi khi co hien 
tugng trugt quay cua banh xe (banh xe quay nhung khdng ti£n vi phia trubc). Sir trugt 
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quay (quay tron) cua banh xe chu dOng, xuat hien khi luc keo tie'p tuyen dat tdi gia tri 
cua lire bam gitfa banh xe vdi mat dirdng. Lire bam d day la tdng cac luc can cua n6n 
dirdng d6'i vdi banh xe bao gom luc ma sat, lire can do vau, gan banh xe gay ra khi lun 
vao nen dirdng (vdi loai banh hcri, banh xich) v.v... Neu lire vong tie'p tuye'n vurgt qua 
lire can co the co d khu virc tie'p xuc thi s t xay ra hien tirgng trugt quay hoan toan hoac 
trugt mdt phan. Nghla la muc do sir dung lire dan tr6n banh xe phu thude va kha n^ng 
bam va chat lugng bam gida banh xe chu dong vdi mat durdng. No duoc dac trung bang 
kha nang cua dirdng hap thu luc dan tiep tuyen va dirge danh gia bang he so tp b . He so 
bam cp b dugc xac dinh bang ti sd gida luc day cue dai co the co dugc d khu vuc tiep 
xuc cua banh xe chu ddng vdi mat dudng (con goi la luc bam) va tai trong thang dung 
dat len banh xe. 

Dieu kien dam bao cho banh xe chu dong lan ma khong bi trugt quay la luc dan tiep 
tuyen phai nho han hay bang luc bam: 

Pd * Pb = F-<Pb (4-27) 

Trong do: 

F - tai trong thang dung tac dung len banh xe dan; 

(p h - he so bam, dugc xac dinh bang thuc nghiem, no phu thude vao tinh chat cua 
hai b6 mat tiep xuc. Khi banh xe thep hoac gang lan tren dudng ray lay: 

(p b = 0,12 khi may lam viec ngoai trdi, 

(p b = 0,20 khi may lam viec trong nha, 

(p b = 0,25 khi may lam viec tren dudng ray co phun cat. 

Qua trinh phanh cung dien ra tuemg tu nhu vay. Luc vong tren banh xe do phanh 
gay ra goi la luc ham. Khi luc ham P h ldn hon luc bam se xay ra hien tirgng banh xe 
bi trugt v4 phia trude. Hien tugng nay goi la trugt tron. Toan bo may bi trugt mdt doan 
v^ phia trude. 

Ca hai hien tugng tren deu gay cho banh xe va dudng bi mai mon khcic liet. Xe 
khong tie'n dugc v6 phia trude hoac dung dung vi tri mong muon. Do vay khi tinh toan 
co’ cau di chuydn, can kiem tra bam. Phep tinh kiem tra bam phai tie'n hanh cho ca qua 
trinh md may va qua trinh phanh. Md hinh kiem tra bam cho d hinh 4.20. Mdmen md 
may M m hay phanh M p , trude khi dugc truyen de'n banh xe dan, phai tieu td'n mdt phan 
de thdng mdmen quan tinh cua cac khoi lugng tham gia chuyen dong quay trong co cau 
(tru banh xe). 

Ta co dieu kien an toan bam nhu sau: 

P d = “(M m -Jg.e m )i g .Ti g < “ 2 Fj ; 

°R n i=I 
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(4.28) 


d ‘ ^ ri 

a R r lg 


-^- < — £ 


i = 1 


Vai 


T T - Z ' J R s T _ T _ 

^ ql j 2 Jqi -2 

V^g *g 


M6t cich gin dung liy theo (4.2), (4.3) vi (4.4), coi J R = 0 c6: 

Jg ^ Jg ~ a -^i » 

Trong do: 

d R , J R - dudng kinh va mOmen quin tinh cua banh xe; 

M m p - mdmen md may hoic mOmen phanh quy v6 true dbng co; 

i g , r| g - ti s 6 truy^n va hibu suat truyin ddng cua h t thb'ng truyin dOng co ciu; 

cp b - h6 s 6 bam; 

n - h£ sC an toan bam; 

J ql , J q , - mfimen quan tinh cua cac tiS't may quay trong ca cau quy v£ true dOng co; 
Z - sC> lirang banh xe dan trong co cau; 

F| - tai trong thing dung tac dung l£n banh xe dan i. 


Trong cbng thtre (4.28), gia tdc goc duoc xac dinh khi coi mOmen md may (hoic 
mbmen phanh) la klidng ddi, va theo (4.6) co 

M m - M t M„ + M, 


- 


vaEp = -^ 


(4.29) 


Thay gii tri cua e m , e p vio (4.28) se co 
diiu kien an toan bam nhu sau: 


<Pb-<*R 


M m < 


2ig^r)g . n i = i 


. £ Fi - M ( .J* 


M p < 


i-r 

A Z 

^Pb ■ ^R * v r. 77 7* 

~T~ • * L F: + M,. J 
2 -lg- n i=1 

l -T 


Trong do: J* = -f- = 


aJ 


o , m.d R l 


Vi 


7 ”= I - 


a.J, 


O . . m.d R q 


aJ, + 


4 i 2 


_LS. 

2 

o 


(4.30) 



Hinh 4.20: Md hinh ktifm tra bdm 


(4.31) 
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Trong cdc edng thuc trdn: 

M t , M t - rndmen can tinh ca cau di chuyen quy v& true dOng co khi ddng co ho3c 
phanh lam vide (lire can ma sat, doc, gio); 

m - khd'i lugng chuydn ddng tinh tien. 

Tur edng thuc (4.30) co the’ thay la se bat lgi cho M m khi gio ngiroc chidu chuye’n 
dOng (M g duong) va cho M p khi gio cung chi£u chuyen dong (M g am). Can chii y la tai 
trong SFj (con goi la trong lirgng bam) co anh hirdng ldn den dieu kien bam. 

Bat lgi nhat la khi may di chuyen khdng tai, khi nay cac dai lirgng J 0 , M„ 
7 0 , M,, Fj can dugc tinh tuerng ung vdi tai Q = 0. 

Khi chon (p b = 0,12 (turc la co gia tri rat thap), thi he sd' an toan bam n dugc chon la 
1,2. Vdi co cau di chuyen din ddng rieng can kidm tra bam cho tung co cau vdi dieu 
kien bat lgi nhat cho co cau do. Khi dieu kien bam khong dam bao, phdi tang so banh 
dan, tang trong lugng bam F f hodc gidm rndmen M m , M p . 

- Chon dong co va phanh co cau di chuyen: 

Sau khi chon so dd dan dOng co cau, xac dinh luc nen banh va tinh toan cum banh 
xe, edn xac dinh lire can di chuydn theo (4.13). Tdng cOng suat ddng co din dOng 
dugc tinh: 

P = [W,+ (1,1+1, 3) (m + m Q ).a].V d 

1000n g (0,6^0,7).\|/ max ’ ' 

Trong do: 

V d - toe do di chuydn, m/s; 

a - gia tdc co cau di chuyen, dugc chon so bd theo bang (4.4); 

m, m Q - khdi lugng xe va tai tham gia chuyen dong; 

\j/ max - he so momen cue dai cua dong co. 

Vide chon ddng co dugc tien hanh theo §2.2. Khi dung dan dong rieng, gia sir co 
hai ddng co dan ddng, mdi dong co dat d mdt dudng ray, thi cong suat tinh toan cho 
mdt ddng co lly bang 60% edng suat chung. Sau cung phai kiem tra ddng co theo dieu 
kien bam (4.30). 


Bang 4.4. Gia tri trung binh cua gia toe md may co cau di chuyen 


DSc didm co cau 

a, m/s 2 

CIu true, xe con van chuyen kim loai long 

0,1 

Cdn true lip rap va xe con cua chung 

0,15 

Cdn true va xe con co edng dung chung khi gia treo vat mlm 

0,2 

Cdn true va xe con co gia treo vat cung 


Cdng true 

0,1 

Xe con mang gau ngoam cua cau true 

0,8 
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Khi chon phanh, trirdc het phai dam bao yeu cau ve gia toe phanh. Momen phanh 
yeu cau dirge tinh: 

M p = -M t + J 0 .8 p (4.33) 

Khi tinh momen can tinh M,, chi ke den thanh phan lire can do ma sat 6 true va lire 
can lan cua banh xe. Cac thanh phan lire can do gio, doc neu tinh phai lay dau am. 
Gia toe phanh: 

COp 7 

e p = - £ , (s') ; (4.34) 

r 

Trong do: 

0 ) p - toe do goc true dat phanh (s’ 1 ); 

t p - thdi gian phanh nho nhat dam bao quang dirdng phanh cho phep: 

2S 

t p = TT 2 , (s) (4.35) 

S p - quang dirdng phanh cho phep, bang 4.5 


Bang 4.5. Gia tri quang dirdng phanh cho phep S p , m 



S 

p khi so banh xe chii dong 

Gia tri he so' bam (p h 


, / ] N 

Mot ntra ( — = 5) 


0,12 

V 2 

V 2 

V 2 

6500 

3250 

1650 

0.20 

V 2 

V 2 

V 2 

1 1000 

5400 

3000 

0,25 

V 2 

V 3 

V 2 

14000 

7200 

3700 


V: Van tdc di chuye’n ni/ph; Gh , Gx - trong lirgng bam va tdng trong lugng xe. 


Phanh dirge chon phai thoa man dieu kien dam bao quang dirdng phanh cho phep 
theo (4.33) va dieu kien bam theo (4.30). 

Doi vdi may lam viec ngoai trdi khong co bo phan kep ray de ham khi co gio ldn, 
mOmen phanh phai dirge kiem tra ve kha nang ham khi co gio d trang thai khong 
lam vi6c. 

M p >k p (w, + w, - w s ) -jytk. 

Trong do: 

W 2 - lire do do ddc ray, tinh khi khdng co tai Q; 

W 3 - lire day do gio d trang thai khong lam viec; 
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Wj - lire can do ma sat o true va lye can lan, tinh khi khdng co tai, theo (4.14) 
vdi k = 1; 

k p - he so an toan phanh, k p = 1,2. 

c) Co can di chuyen quay vdng 

Nhieu may khi lam viec phai di chuyen trdn dudng vong va do vay phai co ccr cau 
di chuyen quay vong. 

- Cau tao chung: 

Trong co cau di chuyen hai ray kidu ket cau cung (cac banh xe khdng co kha nang 
lac quanh true dung), co kh^u dd dudng ray la s va khoang each true a, khi di chuyen 
quay vong, cac banh xe di chuyd’n tren mdt doan ray cong khdng phai hoan toan chinh 
xac la mot cung tron (hinh 4.21c). 

Mot co ca'u di chuyen co ba chan tua, trong do co hai chan nam d dudng ray ngoai 
(hinh 4.21a) hoac d ray trong (hinh 4.2lb) di chuyen tr6n mot doan ray cong. Chia doan 
ray cong nay ra lam ba phan. O mdi doan ray duoc chia, se co ban kinh cong khac vdi 
doan con lai. Doan giua BC duoc goi la vung di chuyen quay vong on djnh, trong do 
tat ca cac chan tua tren dudng ray deu di chuyen vdi ban kinh khong d6’i r a , 7| ho5c 
r a , r r Khi nay, ban kinh nho nhat dupe tinh: 



O doan chuyen doi tir B den A hoac C den D, ban kinh ray r, hay r a se thay d6i dan 
va gia tri cudi cung la: 


hoSc 


= r a - s; 
r a = r, + s. 


O doan ban kinh ray dupe thay doi dan nay, sai lech hudng kinh (neu chung khong 
qua ldn) dupe bii trir bang each tang chieu rbng mat lan cua banh xe. 


Cor cau di chuyen co kha nang quay vong vdi 3 chan tua, chi dupe phep di chuyen 
trdn doan quay vong khi khPng tai, do may co tinh On dinh thap. Cac banh xe dan chi 
dupe phep dat ve mot phia cua may (tren cung 1 dudng ray). De nang cao tinh dn dinh 
cho may, ngudi ta dung co cau di chuydn co kha nang quay vdng vdi 4 chan ttra. 

O co cau di chuyen co ke't cau cung, mdi ben dudng ray co 2 chan tua. Tren doan 
quay vdng (hinh 4.21c), dd giam khau do dudng ray co tri sd ldn nhat la (d diem gitfa 
doan quay vdng). 


As = s, — s 2 = r, + s - 


+ 


,n ( a \2 ”|2 ( 2iC~ 

V ri -(2)] + (2) 


(4.37) 
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Ccr cdu quay v6ng dang nay doi 
hoi phai co cac giai phap kdt ca'u b 6 
sung, vi du bd sung them banh xe 
phu, trdn doan quay vong no thay the' 
cho hai banh xe cua mOt ben ray. 
Banh xe phu dupe di chuydn tren 
doan ray cong dat cao han. Khi nay 
can true chi tua tren 3 didm, tdt nhidn 
chi dupe phep di chuyen khi 
khOng tdi. 

O ca cau di chuyen c6 ca cau 
quay vong dang mdm vrii 4 chan tua 
(hinh 4.22), cac chan tua va cac cum 
banh xe ddu co khd nSng lac quanh 
true thang dung. Dd dam bdo di 
chuydn d6ng bri, gioa tung cap chan 
tua bd tri he thdng thanh dang. Vrii 
kdt cdu kidu tren, co thd dd dang thay 
d6i ca khau dri cua dudng ray. Tat 
nhien trong truring hop nay, cac 
banh xe din van chi dupe phep bd tri 
tren 1 b6n during ray. 

Trong qua trinh quay vong, luc 
c^n ma sat thanh banh se tang lSn. 
Ngoai ra, khi chuydn dOng lan cua 
banh xe xiy ra cung luc vrii chuydn 
dring quay quanh true dung cua banh 
xe, se xudt hifin luc ckn ma sat phu 
do quay, dan trii luc can di chuydn 
tang len. Hien nay do chua co tai lieu 
dd cap ddn luc can phu khi quay 
vong nen co thd su dung cac sd li$u 
cua nganh van tai during sMt. 




Hinh 4.21: Duang di chuyi'n cua ca cdu 
di chuyefn quay vdng cd kdt cdu cung 



Hinh 4.22: Ca cdu quay vdng 4 chdn 
tua vai kdt cdu mSm. 


Vi du: Cho co cau quay vong khring co kha nang lie quanh true dung, he sd c4n 
chuydn ddng do quay vong se la: 


0,72S +0,47a 
(o p = 9b •-; 

r tb 

vrii: 9 b - he sd bam giflra banh xe vrii mat during; 
r tb - ban kinh quay vong trung binh; 

S, a - khlu dC va khoang each true banh xe. 


(4.38) 
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Cflng co th£ lay he s6' cin phu nhir sau: Can true dudng sat va c&n true thap 
co p = 0,005; can true treo, dirang treo lay oj p = 0,015. 

- Ban ki'nh quay vong nho nhat. 


De’ banh xe khdng bi ket a doan ray 
cong ban ki'nh dirang ray khong dirge 
nho han m0t gia tii cho phep. Banh xe 
di chuyen tren ray thirdng c&'u tao co hai 
gd ben co trie dung gidi han sir dich 
chuydn ngang do di chuyen lech hoac 
do trirgt ngang ciia banh xe tren ray. 

Khi do se co su tie'p xuc gitfa vknh banh 
xe va ray d vung chuydn tie'p gitfa mat 
canh vh mat dinh ray. O vung nay, ban 
ki'nh cong chuyen tiep cua ray la r s , va 
cua banh xe la r R (hinh 4.23). Tuy theo 
goc di chuyen lech a gitfa banh xe va 
ray ma diem tiep xuc B s£ nam d mdt 

vi tri nao do tren doan B,B 2 . M0t each gan dung coi B]B 2 la mdt doan thang nam ngang 
va co tung dd irng vdi diem dirdi cung cua vung chuyen tie'p cua ray (vting d&u ray co 
ban ki'nh cong r s ). 



Hinh 4.23: Vi't ti&p xuc giiea 
go banh xe va ray khi quay vdng 


Tir hinh 4.23 co cac quan he hinh hoc sau: 


c 


~~ + r s 4gP ; 
2 


x 



(4.39) 


Gia su m6i chan tua co 1 banh xe co kha nang lac quanh true dirng di qua A 0 (hinh 
4.24a). Gidi han cua ban ki'nh trong dudng ray se la: 




■> 



(4.40) 


vdi 


b a = b R + (d a - d R )tgP. 


Trudng hap co nhidu banh xe bo tri d 1 ben cua khung di chuyen, hoac trong cum 
banh xe (hinh 4.24b), khoang each gifra hai true banh xe a se quye't dinh gidi han ban 
ki'nh cong cua ray. Gia thie't cac doan ray nam gitfa cac gd banh xe la thdng (B t - B 2 ) 
ta co gia tri grin dung nho nhat cua ban ki'nh cong trung binh r th = (i*j + r a )/2 se la: 



(4.41) 
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vdi 


B = 


4x" + b a 


b a + 2x 


4x 2 + b: 


b s - 


- 1 


Hinh 4.24: Ban kinh ray nhd nhd't; 

a) Cho mot bank xe (c la khoang each giica 
Bi vdi true doi xung cua mdt Idn bdnh xe): 

b) Hai bdnh xe co lidn ket cling: 

c) Bdnh xe co khd ndng gdy tit ham. 



N£'u nhir ban kinh cong cho phep qua ldn, trirdc tidn can giam khoang each true a. 
Cung co the’ tang chieu rdng mat lan cua banh xe b R , giam chieu rang ray b s , tang goc 
mcr vanh banh xe (tang b a ) va giam chieu cao vanh banh xe cl a . 


N6u nhir true lac cua banh xe hoac cum banh xe nam d mdt phia (did’m A hinh 4.24c), 
co th^ xuat hien hiSn tirpng tu ham. 

Neu bo qua anh htrdng cua goc md p, ap lire tren vanh banh xe s£ la: 

F.c 

F n “ “ (4.42) 

2.x 

Hien tirong tu* ham xay ra khi: 

2F r + F f > F. 

Thay lire can do ma sat F r = f.F n va F n theo (4.42), ta co: 


F.e.f 

x 


+ F f > 


F . 


Neu bo qua thanh phan lire can di chuyen do ma sat 6 true va can lan F f ta co dieu 
ki£n xay ra tir ham: 


f > 


x_ 

e 


(4.43) 


Trong bieu thirc (4.43), f la he so' ma sat trirgt cua vanh banh xe vdi ray, lay bang 
he so bam cp b . 
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4.2.2. Co- cau di chuydn banh lop tren may xay dung 

a) Cd'u tao 

Co cau di chuyen banh lop cung nhir banh xich tr6n cac may xay dirng deu phai dam 
bao dupe kha nang ca dOng cao. Dd la kha nang di chuyen may trong nhtfng didu kien 
n£n dudng phuc tap (dudng xau, lay ldi, g6 gd) ma khong bi truat. 

Ngoai ra, ca cau di chuyen banh ldp phai co kha nang ca dOng, linh hoat dd dap ung 
ydu cau lam viec cua thiet bi. 

Ca cau di chuydn banh ldp dupe dung nhidu d cac can true tu hanh, may xuc, may 
cap, may san v.v. - .. Cau tao chung cua no cflng giong nhu he di chuyen tren 6 td tai, 
bao g6m thidt bi truyen luc, cac banh xe, h6 thdng treo va h t thdng dieu khidn. 

Trong nhidu trudng hpp ngudi ta con su dung 6 td tai lam may ca sd dd lap thidt bi 
cong tac tren do. 

Cac banh xe la bO phan true tiep tac dung len mat dudng, gdm co ldp, xam, ao xam 
va vanh banh. Tren may xay dung thudng su dung cac banh ldp cP ldn, co kha nang 
chiu tai cao, co gai ldp thich hpp vdi moi dia hinh edng tac phtre tap, d&m bao bam tdt 
va co loai co thd tang giam dupe ap suat hai trong banh tuy theo su thay doi cua dia 
hinh. Ngay nay ngudi ta con dung ldp khong xam, hai dirac bam vao ldp, con ldp ep 
chat vao vanh. 

Dua vao ap sudt hai trong banh phan ra: 

- Ldp co ap sudt cao: 0,5 4 0,7 Mpa; 

- Ldp co ap suat thap: 0,125 4- 0,350 Mpa; 

- Ldp co ap suat rat thap: 0,05 4 0,08 Mpa. 

Ap suat trong ldp cang thap thi kha nang vupt 

chudng ngai cang cao. Cac thdng sd ca ban cua he 
di chuyen banh ldp la sa dd banh xe, sd true chu 
dOng, su phan bo tai trong tren cac true, dang vh 
kich thude ldp (hinh 4.25). 

Ldp co ap suat thap thudng co ki hieu la B-d. 

Ldp co ap sudt cao ki hidu DxB 

Nhin chung trdn mOt xe, dudrig kinh cua cac 
banh xe ddu bang nhau. Ndu tai trong d c&u sau 
ldn thi dat banh kep. 6 may keo banh ldp, do 
70 4 80% tai trong phan bd ldn cau sau nOn cac banh chu ddng d cau sau phai ldn. Tuy 
theo tai trong tac dung ldn phan di chuyen ma may duac trang bi hai true, ba true, ddi 
khi bdn true, cac banh xe duac lap kidu banh dan hoac banh kep. 

6 xe co hai true (hinh 4.26a) dd co thd di chuyen duac trdn dudng khdng bang phang, 
dd ddc ldn thi tat ca cac true ddu duac dan ddng (hai cau chu dong). Chung co cau chu 



Hinh 4.25: Cd'u tao 
va kich thuoc co bdn cua lop 
B: Chiiu rong; 

D: Duong kinh ngoai; 
d: Dudmg kinh trong; H: Chieu cao 
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d0ng kibu 6 tb vdi b0 vi sai d&m bSo quay vdng cho xe. Khung dim cua xe thudng 
duac treo cung hoSc treo m6m vai cau sau, con d cau trubc treo qua cau can bang (hoSc 
he thb'ng nhip). 

O may co ba true (hinh 4.26b), true trirdc co cac banh lai treo qua cau can bang vdi 
khung dam xe. Cau sau vdi bon banh xe duac dan dbng bdi hai ban true va duac chia 
thanh hai cdu can bang, trbn c<lu dat khung d^m xe (hinh 4.27). Cac banh xe trong mbt 
ciu can bang duac dan dbng tu true dung trung tarn 5 qua bb vi sai tru 2 va bb truy£n 
dbng xich 7. O cac he di chuyen dan dbng ribng thi mbi mbt cau can b&ng cua c£u sau 
se ducrc din dong bdi mbt dbng ca (co th£ la dbng ca dibn hoac thuy luc). 



Hinh 4.26: So dd dbng hoc co edit di chuytfn bdnh Id'p. 
a) Hai true; b) Ba true; c) Cdu edn bdng; 1. Cdu tru&c; 2. Bb vi sai; 3. Cdu sau; 

4. H6p giam toe; 5. True dung; 6. Cdu edn bdng; 7. Bo truyin xich; 8. Phanh; 9. Khung ddm. 
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Hg truygn lire cua ca cau di chuy^n banh ld'p thircmg c6 ba dang sau: 

a) Cac banh xe chu ddng dugc nd'i cung vdi nhau bang hg truygn ddng ca khi 
(hinh 4.28a); 

b) Cac banh xe chu ddng dirge nd'i m£m vdi nhau qua bd truy^n vi sai (hinh 4.28b); 

c) M6i mdt banh xe chu ddng dirge din ddng ddc lap bdi mdt ddng ca rigng 
(hinh 4.28c). 



Hinh 4.28: Scr do he thd'ng truyin luc co cdu di chuyin bdnh ld'p 
a) Khdng co bd vi sai; b) Co b (3 vi sai; c) Vdi d$ng co - bdnh xe; D - DQng co; 

A, B. C- bd vi sai; E- May phat hodc bom thuy luc; G- Ddng codign ho#c thu$ luc; T- Luc keo. 

Hai sa d<5 dau dung cho cac xe may co din ddng chung tur mdt d0ng ca (thirdng II 
ddng ca dd't trong hay d0ng ca didn) cho tat cl cac banh xe. Con d sa d6 thu ba su 
dung ddng ca dign hole thuy luc, din ddng cho tung banh xe. 

6 ca ci'u di chuy£n vdi truyin d0ng cung, khi di chuyin trgn dudng thing vi bing 
phing sg dim bao 6n dinh ngang td't vi cho luc keo ege dai, han chg' dugc su trugt bam 
giiTa banh xe va dudng. Luc keo chung blng tdng luc keo d m6i banh xe. 

T = ZTj 

Khi may di chuyin trgn dudng vdng xult hign trugt, giy t6n hao ldn do ma sat. Ban 
kinh quay vdng phli ldn. 

6 ca clu di chuyin vdi truyin d0ng mgm (vi sai), cac banh xe ddng true co mdmen 
bang nhau vi tri sd' ldn nhlt cua no dugc xic dinh tu trong lugng bam vi hg sd' bim. 
Khi niy hg sd bam dugc lly theo gii tri nhd. 

Ng'u luc keo dugc tinh ung vdi gia tri nhd nhat cua trong lugng bim va hg sd' bam 
la T min , thi t6ng luc keo chung khi co n banh xe chu ddng sg li: 

T = n.T min . 

Khi may di chuyin trgn dudng vdng, loai kg't cau vdi truygn d0ng mgm sd khdng 
xiy ra hign tugng trugt cua banh xe. 

Nhugc digm ca bin cua ca clu di chuygn banh ld'p vdi truyin d0ng vi sai li khi may 
di chuygn trgn dudng co digu kign xi'u (vi du khi xe vugt 6 ga hay di chuyin trgn ngn 
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xau) va tai phan b 6 khdng d6u ldn cac banh xe, se tidu td'n vd ich mot phan cdng suat 
dOng ca. 

Nhirgc di£m nay dugc khac phuc bang each sii dung khoa lien dong, trong trirdng 
hop cin thie't se nd'i cung cac ban true chu ddng cua b0 vi sai lai vdi nhau. 

6 cac co cau di chuy£n co td hop ddng co - banh xe (so do hinh 4.28c), gitra cac 
banh xe khdng co lien he co khi', nha vtiy m6i banh xe co the co lire keo to'i iru vdi gia 
tri ldn va sir dung edng suat ddng ca mot each hap li. 

To hap ddng ca - banh xe dirge thuc hien vdi viec bo tri ddng ca va hdp giam toe 
ben trong banh xe hoac bo tri ben ngOcii banh xe. Ke't cau dau chi co thd thuc hien dirge 
d cac banh xe co dirdng kinh ldn, sir dung dong ca co td'c dd cao nhung kich thirdc nho, 
nbi vdi nd la h0p giam td'c co tl sd' truyen ldn. Can him mat tot cho ddng ca va hdp 
giam td'c. Hinh 4.29 dan ra ke't cau cua hai loai ddng ca - banh xe khac nhau. O phirang 
an mdt (hinh 4.29a), dong ca dugc hip bdn trong banh xe, phirang an hai, dong ca dirge 
tach ra khoi banh xe (hinh 4.29b). Cling cd the hip giua dong ca va hdp giam td'c bang 
mdt bo bien toe thuy luc (hinh 4.30). 



Hinh 4.29: Kit edit cum ddng ca — banh xe 

a) Dong ca ddt trong banh xe: 1. Gid vdi mdt bich dd bdt vdi khung ddm; 

2. Ddng ca ddt trong; 3. Hop gidm toe; 4. Ong dd lam mdt bdng khdng khi; 

5. Cua thoat khi; 6. O dd banh xe; 7. Vdnh banh xe vdi vdnh rdng trong; 8. Lop. 

b) Ddng ca ddt ngoai; 1. Gid da de bdt vdi khung ddm; 2. Dong ca diin; 

3. Hdp gidm td'c; 4. Ong lot ddn ddng vdi vdnh rdng trong; 5. 0 da; 6. Vdnh banh xe; 7. L6'p. 
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Hinh 4.30: Dong eo - bank xe v&i bien toe thuy lire. 

I. Gid da; 2. Dong ca diin; 3. Khap noi; 4. Duong ong ddn; 5. Gia do bo bien toe thuy lire; 

6. Bdnh bom; 7. Bdnh tube bin; 8. Bank phdn ling; 9. True ra; 10. Khdp noi rang ddu ra; 

1 ]. Hop gid/n tde; 12. Ong lot ddn ddng vdi vanh rang trong; 13. Vdnh bdnh xe; 14. Ld'p. 

Co cau lai (chuyen hudng) cac banh xe quay vong tren ca cau di chuyen banh lop 
tirang tu nhu ca cau lai tren 6 to. Cac banh xe quay vong duac nO'i vori nhau bdi m6t 
ca cau hinh thang. Co the dieu khien ca cau nay nha he tay don, he thuy luc khbng 
bam va hg thuy lire co bom. 

Phan ldn cac may xay dung co ca cau di chuyen banh lop deu co hai phan: phan 
quay va phan khong quay, do vay ca cau lai cung co nhUng dSc diem rieng. O ca cau 
lai bang he thong tay don (hinh 4.31), v6 lang lai 1 quay, truyen chuyen dong qua xich 
2 va b6 truyen banh rang non 3, lam quay banh rang 4, sau do truyen ddn cac banh 
rang 5-6 quay tir do quanh ng5ng true trung tarn cua ban quay. Nha banh rang 6 an 
khap vai banh rang 7 va b6 truyen 8-9, true 10, ma tay don 11 quay, qua thanh truyen 
12, tay don goc 13 va thanh keo 14, ca cau hinh thang 15-16-17, lam cho cac banh xe 
quay hudng. Khi phan quay cua may hoat dong, thi cac banh rang 5-6 van dung yen, 
banh rang 4 lan quanh cac banh rang nay va do do vo lang 1 se quay tu do. Cac banh 
xe dan hudng chi quay khi ngudi lai quay vo lang. Khi quay vo lang, phan quay cua 
may van dung yen. 
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Hinh 4.31: Co cdu lai dieu khien bdng tay qua he tay ddn 
I. Vd Idng lai: 2. Bo truyin xich; 3. Bo truyin banh rdng non: 

4. 5, 6, 7, 8, 9. Cac bdnh rdng tru trong cac cdp truyin ddng; 

JO. Trqc; 11. Tay ddn; 12. Thanh truyin; 13. Tay don gdc; 

14. Thanh keo; 15, 16, 17. Co cdu hinh thang. 

O cac may n&ng, dieu khien ca c£u hinh thang bang he tay ddn se doi hdi ti sCi truyen 
cua he lorn va do vay vo lang lai phai quay nhieu vong, di£u khi£n xe se khdng linh 
hoat. Trong trudng hop nay thudng su dung he thdng di£u khi^n thuy lire khdng berm 
(hinh 4.32). 

Tr6n ph&n quay cua may co tru lai va cung Id xi tanh 1, 6'ng 3 lien ket vdi pit t6ng 
2 va dai 6c 4 tao thdnh m0t kh6'i. True ren vit 5 dugc quay nhd v6 ling lai 6. Nhd su 
dich chuy^n len xudng cua pit tdng khi quay v6 lSng ma dau se dugc day di theo cac 
duong 6'ng 7, 8, qua b6 nd'i 9 (nd'i phan quay va be di chuyen may) vao cac duong 6'ng 
10 ncim trong tru bdn quay va di de'n hai dudng 6ng 11, 12 nd'i vdi hai khoang cua xi 
lanh thuy luc 13. Tay day 14 nCi vdi he tay don 15 va nd'i vdi 16 d£ di£u khi£n co ca'u 
hinh thang 17. De co the quay vong cung vdi d&u keo trong trudng hgp lai d&t may 
trdn dudng, co the. nd'i thanh keo 18 vdi tay don 15. Thanh truyen 19 se lien he di£u 
klri^n vdi dau keo. dam bao su chuyen ddng tu do cua d£u edng tac gitra hai khoang 
cua xi lanh thuy luc 13 khi lai d&t may, ngudi ta md khoa 20. Dau cong tac dugc b6 
sung tir be chua 21 qua van m0t chi^u 22. Su quay vong cua cac banh lai dugc thuc 
hien nhd quay vo l&ng, dan de'n su chuyen ddng tinh tie'n cua dai 6c 4 va pit t6ng 2. 
H6 thd'ng dieu khien thuy luc khong bom doi hoi luc d&t vao v6 lang lai cOng tuong 
dd'i ldn, vi vay d cac xe may cd ldn, ngudi ta con ap dung he di£u khien thuy luc co 
born (hinh 5.12), khi nay cac xi lanh edng tac di£u khi^n true tie'p co c&'u hinh thang 
nhd dau cd ap luc do bom dau cung cap. Dieu khien su lam vi0c cua co cau lai nhd 
cac van thuy luc kieu tay gat. 
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Hinh 4.32 : Co ctiu Idi diiu khiin bdng thuy luc khOng bom 

b) Tinh todn cv cd'u di chuyin bdtih Id'p 
T6ng lire c&n khi xe di chuydn 

W = f 0 .Gcosa ± Gsina ± P g + P qt ; (4.44) 

Trong do: 

f 0 - he sti c&n di chuyin; 

G - trong luong may va t&i (n£u co); 
a - goc nghifing duang; 

P g - lye c&n gib; 

P qt - luc can quan tinh khi di chuyin. 

H6 sb can di chuyin phu thuOc vao tinh eh jit b6 mat n6n hoac mat dubng: 

Duong atphan b£ tdng f 0 = 0,015 -r 0,0128. 
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- Duong rai da f 0 = 0,035 4- 0,04. 

- Dudng da't lay ldi f 0 = 0,17 4- 0,25. 

Mdmen xo^n trdn cac true banh xe chu dOng: 


M = 0,5W.D bx 

He sd an toan bam cua banh xe vdi nen. 

N(^ + f’o) 


n = 


W. 


> 1,1 4 - 1,2 ; 


Trong do: 

N - lire thang dung tac dung ldn cac banh xe chu ddng; 

p 0 - he s 6 bam cua cac banh xe chu d0ng vdi n£n; 

f’ 0 - gia tri nho nha't cua he sd can di chuyen; 

W max - luc can di chuyen Ion nhat khi di chuyln nguoc chieu gio. 

Gia tri fi 0 phu thuoc vao tinh chat mat dudng. Duong atphan bdtdng p 0 = 0,45 4- 0,55; 
dudng dat lay p 0 = 0,1. 

Trong trudng hop trdn may co mdt dong co dan dong chung cho ca cac co cau edng 
tac va di chuyen thi edng su£t ddng co can duoc xac dinh du cho ca hai trudng hop: 
may di chuyen tren dudng va khi cac co cau cong tac tren may lam viec (vi du: d cac 
can true banh ldp hoac may xuc banh lop v.v...). 


4,2,3. Co 1 cau di chuyen banh xich 

a) Cau tao 

Co cau di chuyen banh xich duoc sir dung rat r0ng rai tren cac may xay dung va 
may lam dudng, dac biet la cac may chuydn dung thi cong tren nen dat yeu. Co cau di 
chuyen banh xich cho phep giam ap sua't cua may xudng nen con trong kho&ng 0,04 4- 
0,1 MPa (0,4 4- 1 kg/cm 2 ) va phan bd kha ddu trdn mat tira, ndn thich hop vdi nen dat 
ydu, khdng bang phang. Bd di chuyen xich co lire bam ldn, tinh nang thong qua tot, co 
kha nang vuert dd'c ldn. 

So vdi di chuyen banh lop, co cdu di chuyen banh xich co nhuoc diem la trong luong 
ban than ldn, cau tao phuc tap, chd tao, lap rap va sua chua kho khan, cac chi tidt chong 
mon, lire can di chuyen ldn, tdc dd di chuyen cham (6 4- 8km/h). May co tinh co dong 
thap, khi di chuyen dd gay hong mat dudng. 

Cau tao cua co cau di chuyen xich d£n ddng chung (hinh 4.33) g6m bd dd ban quay 
1 lien kd't cung vdi khung di chuyen 2. O hai dau cua khung di chuyen 2 co cac dla 
xich hinh sao (banh sao): dTa chu ddng 3 va dla bi ddng 4. Cac dla xich nay an khdp 
vdi dai xich 5. Trong luong cua may qua khung di chuyen 2 truyen qua cac banh ti 6 
ldn xich va tir dd truyen xudng ndn. Nhanh trdn cua d£i xich co cac con lan dd 7. Truydn 
chuyen ddng cho banh sao chu dong nhd bo truyen xich 8. 
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Hinh 4.33: Cdu tuo co edit di chuyen banh xich ddn dong chung cua edn true - may xuc. 
1. Be do ban quay; 2. Khittig di chuyi'n; 3. Diet xich chu dong; 4. Dia xich bi dong; 

5. Dai xich di chuyen; 6. Banh ty; 7. Con Idn do xich; H. B6 truyin xich. 


Dia xich diin l cua bo truyen xich noi tren (hinh 4.34) dirge gSn trdn true nSm 
ngang 2. True nay dirge da bdi 6 da 3 va noi vdi true dan 4 nhd khdp n6i v£u 5. Khdp 
nay co thd gat ve vi tri fln khdp vdi vau co dinh 6, dam bao ngdt truyen ddng va phanh 
ham cac dia xich 1 mot each doc lap. Neu ngat truyen ddng cua dia xich phia nao, may 
sd quay vdng ve phia do. Dan dong cho true 4 tir phhn truyen d<1n chung d phan quay 
cua may den true th&ng du-ng 8 (nSm triing true quay cua phan quay) qua bd truyen 
banh ring non 7. 



Hinh 4.34: True ddn co cdu di chuyen xich ciia may xuc - can true ddn dong chung 
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Hinh 4.35: Ca cdu di chuyen xich vdi ddn dong rieng cho tung dai xich 
a) Ddng ca ddt ngang; 1. Dong ca diin; 2. Phanh; 3 Khdp ndi; 4. Hop gidm toe bdnh rdng tru rdng 
nghiing; 5. Bdnh sao chu dong; 6. Bank sao bi ddng; 7. Banh do; 8. Banh ti; 9. Cdu edn bdng cho 
cac bdnh ti; 10. Xich di chuyen; b) Ddng ca ddt doe; 11. Dong ca diin; 12. Khdp noi va phanh; 
13. Hdp gidrn td'c bdnh rdng tru vdi truyen ddng vi sai; 14. Bo truyin vi sai; 15. Phanh cua bd rruySn 
vi sai; 16. True ede ddng; 17. Hop giant toe bdnh rdng tru non; 18. Bdnh sao chu dong; 19. Bdnh 
sao bi d0ng; 20. Xich di chuyi’n. 

Cac mat xich cua hai dai xich dirge 
che tao nhd due, rdn, dap hay han. Nhor 
cd be mdt tidp xuc vdi ndn ldn (hinh 
4.36) ma ap lire cua xich ldn n£n 
khdng ldn. 

Theo dac di£m truydn ap suat l6n 
n£n, bd di chuyen xich cd hai loai: loai 
nhieu banh ti va it banh ti. 

O bd di chuydn it banh ti, khung di 
chuyen gan true tiep len cac banh ty cd 
durdng klnh ldn. Do ap luc cua xich 
phan bd ldn n6n khdng d6u (hinh 4.37a) 
ndn loai nay it durge dung. 

Bd di chuyen nhieu banh ti cd ap luc 
tac dung ldn n6n d£u horn (hinh 4.37b) 
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do tai trong truy^n xubng 
xich qua nhieu di£m. Cac 
banh ti d loai nay co dirdng 
kinh nho han so vdi loai 
tren. 

Co nhi£u each li6n ke't 
khung di chuyen vdi cac 
banh ti. 

6 hinh 4.38a, cac banh ti 
dirge lap thong qua cau can 
bang, nhd vay cho phep 
xich tiep xuc vdi ndn tot 
hon, dac biet d cac nen 
dirdng khdng bang phang. 
Lire dirge truyen deu qua 
cac banh ti. Mdt dang co ket 
cau dan gian han la khung 
di chuyen dirge tira len cac 
banh ti thdng qua cac gdi dd 
true (hinh 4.38b). Co th£ 
thao tirng cum banh ty ra 
khoi khung di chuyen mdt 
each de dang. Bat true tiep 
cac banh ti vao khung di 
chuyen nhir d hinh 4.38c se 
gay khd khan cho edng tac 
bao dirdng, thay the vi vay 
kd't cau dang nay it dirge 
dung. 


Hinh 4.38: Cac phuomg an 
lien ket giua khung di chuyen 
va cac banh ti 
a) Ldp thong qua edit 
edn bdng; b) Ldp true banh 
ti thong qua goi d<J; 
c) Ldp true tiep true banh ti 
vdo khung di chuyen 



HTOHm 



Hinh 4.37: So do bp di chuyen xich 
va bie'u eld phdn bo dp lire tren ndn. 
a) Loai it banh ti; b) Loai nhidu banh ti. 
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b) Tmh loan co cd'u di chuyen bank xich 

Phan b6' ap liic cua xich tr£n n6n ia khong d£u do hap lire theo phirang dung khbng 
nSm gitfa tam cua dai xich va thuang xuy6n thay d6i vi tri do phan quay cua may mang 
thi£t bi cbng tac lam vi£c. Gia su G la tai trong tac dung len mOt dai xich va co vi tri 
each tam dai xich mot khoang X tinh trong mat phing doc (hinh 4.39a), tCr dieu kien 
can bang mbmen cua lire G va ap lire q, co phuemg tri nil: 


GX 


2q.L 
3 ’ 


Trong do: 
Suy ra: 


L.bAp 
q " 4 


^ „ b.L'.Ap , , 

G.A, = • — - 1 va Ap 

6 


Ap lire Ion nhat tren nen: 

Pmax = Ptb + 

w • G 

Vai p,b = — se co: 


6G.X 

b.L 2 


G(1 +6.^) 
b.L 


(4.45) 


N£u tai trong thing dung cua may la 2G lech sang phai mot doan la e, thi lire G p tac 
dung ISn dai xich ben phai s6 la (hinh 4.39b): 

2G.(0,5.S + e) = Gp.S 
_ G (S + 2e) 
p S 


va 



Hinh 4.39: So do xac dinh dp lire tren nen cua c<r cd'u di chuyen banh xich. 
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Ap lire cue dai trdn ndn d nhanh xich phAi sd la: 

G 


b.L 


/ 6Aa / S + 2e\ 

( 1+ r)(~) 


(4.46) 


Trong cac cOng thuc tren: 

G - tii trong thing dung tac dung Idn mOt dai xich; 
b - chidu rong dai xich; 

L - chieu dai be mat tua cua xich tren nen. 

Khi may di chuyen thing, tdng lire can di chuydn sd la: 

W = W ms +W b ± W cl ±F g ; (4.47) 

Trong do: 

W ms - lire can ma sat; 

W b - lire can do bien dang ndn; 

W d - luc can do ddc nen dudng; 

W g - lire can gib. 

- Khi may di chuyen, phai khic phuc luc can ma sat trong cac banh ti, a cac banh 
sao chu ddng, banh sao bi dOng va trong cac chdt cua dai xich. Cac luc cin ma sat nay 
dupe quy vd thanh mdt lire can ma sat tap trung W, m va dupe tinh nhir sau: 

W ms = G 0 .cosa.w = 2G.cosa.co 

(0 - he s 6 can ma sat; co = 0,05 4- 0,07 tuy thude vao loai nen; 

2G = G 0 - tdng trong lircrng may; 

a - goc ddc ndn dudng. Khi di chuyen khdng mang tai, thudng a = 20°, cac cin true 
xich di chuydn co vat ning, a = 3°. 

- Lire can di chuyen do bidn dang ndn: 

W b = f b .2Gcosa , 

f b - he so can, diroc xac dinh nhir sau: 

4 = 0,09 4-0,12 doi vdi duerng cat kdt (sa thach am udt) 

4 = 0,1 4- 0,15 ddi vdi dudng cat rdi 
4 = 0,05 4- 0,06 ddi vdi dudng da rai nhua 

- Luc can ddc 


W d = 2.Gsina. 

Khi tinh toan co cdu di chuydn xich, edn phai kd ddn trudng hop quay vong. Chuydn 
ddng quay vong cua bd di chuydn xich co thd thuc hien bing ba each sau: chuydn ddng 
cua hai dai xich hai ben co tdc do khac nhau (trudng hop diin d0ng ridng va co khi 
ning thay ddi mdm tdc dd di chuydn), phanh him mdt trong hai dai xich va chuydn 
ddng cua hai dai xich ngupc chidu nhau. Trudng hop thu nhat, may quay quanh tim 
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nlim d phia b£n hai dai xich. Trudng hgp thu hai may quay quanh tarn n&m d tr6n mOt 
trong hai dai xich va trudng hap thir ba quay quanh true dirng nSm gitta cac dai xich 
(quay tai chd). 

Thirc td thudng gap trudng hap hai. Khi di chuyln quay vong, may quay quanh tam 
khbng trung vdi true cua no. Sir quay vong dirge thirc hi6n nhd sir trirgt cua dai xich 
tren nen. Xuat hi6n luc can do ma sat trugt cua dai xich vai nen. 

Phan bo lire can ma sat trugt cua xich theo hudng chuyS’n ddng cua no: 

dW k = f.p.b.dy ; 

Trong do: 

f - he sd ma sat giua xich vai nen; 

p - ap lire xich tr6n nen; 

b - chieu rong dai xich. 

Mdmen can cua lire ma sat dd'i vdi tam quay khi may quay vong 

L/2 

M ms = 2 Jf.p.b.ydy=f.^E^ = . 

4 4 


Trong do: 

G - tai trong th&ng dung cua may tac dung len mot dai xich; 

L - chidu dai dai xich n&m giua hai banh sao chu dbng va bi dOng. 

Luc can di chuyen quay vong khi quay xung quanh tam n3m a dai xich dugc phanh: 


2M ms = f.G.L 
B ~ 2B ’ 


(4.48) 


B - khoang each gida cac dudng true cua xich. 

Tdng luc can di chuyen khi quay vong 

W = 1,2W ms + W b ± W a + W k ± F g (4.49) 

Trong edng thirc tr&n, he sb 1,2 k£ dbn ma sat a mat dau cua cac banh ti vdi cac 
mat xich. 


§4.3. CO CAU QUAY 

Cac may xay dung nhu c&n true, may xuc thudng co hai phan; ph£n quay va phan 
khong quay. Tr£n phan quay bb tri cac thiet bi edng tac. Giua phan quay va phdn khdng 
quay cua may dirge lien ket vdi nhau bang thiet bj tira quay. Nhd co thibt bi tua quay 
ma phan quay dugc lap tr£n phan khdng quay va co the quay quanh true dung mot each 
nhe nhang. Thdng qua thibt bi tua quay, tai trong dugc truydn tu phan quay xubng phan 
khdng quay va tir do xiiong ndn. Cau tao va tinh loan thibt bi tua quay co th£ xem d §3.4. 
Ca cau dan ddng tao ra chuyd’n ddng quay goi la ca cau quay. 
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4.3.1. Cau tao chung ca cau quay 

Can cu vao khau truydn luc cudi cung ddn ph&n quay, ca cdu quay dirge chia ra ba 
loai sau: Ca cau quay vdi truydn ddng banh ring, ca cdu quay vdi truyen dong cap va 
ca eSu quay ki£u banh xe dan. Ca cau quay vdi truydn dong banh rang dirge sir dung 
phd bien tren may xay dung (hinh 4.40). Dong ca va he thd'ng truyen luc thudng dugc 
dat tren phdn quay cua may. Banh rang dan cudi cung cua xich dOng hoc se an khdp 
vdi vanh rang ldn gan cd dinh tren phan khdng quay. Khi hoat ddng, banh rang chu 
dong quay, lan quanh vanh rang cd dinh, keo theo phdn quay chuyen ddng. Trong m0t 
sd trirdng hap, ca cau quay co the dugc dat tren phan khdng quay cua may. Khi nay 
vanh rang ldn dugc gan trdn phan quay (hinh 4.40c). Tdc dd quay n q dugc chon tuy 
thude vao nang sudt cua may. Tuy nhien neu dung tdc dd quay ldn sd phat sinh tai 
trong quan ti'nh ldn. Tdc dd quay cua phdn quay tren cac may xuc, can true hien nay 
nam trong khoang 0,8 -s- 3,5 v/ph. De dam bao tdc dd quay n q , hd thdng truyen dong 
ca cdu quay phAi co ti sd truyen rat ldn, khoang 200 + 1000. D£ thuc hidn ti sd truyen 
ca cau quay, thudng dung ket hap hdp giam tdc cd ti sd truydn 50 4- 250 va cap banh 
rang an khdp (banh dan - vanh rang ldn) cd ti sd truyen 9 12. Hdp giim tdc thudng 

dung trong ca cdu quay la hdp gi^m tdc banh vit cd ti sd truyen cao va kich thude nho 
gon, song hidu suat thap. Hop giam tdc hanh tinh mdc du cd ydu cdu cao vd dd chinh 
xac trong chd tao va lap rap, cOng nhu cd cau tao phuc tap song hidn nay dugc dung 
nhidu do cd ti sd truyen cao, kich thude nho gon va hidu suat cao (hinh 4.41). 


Hinh 4.40: So dd co cd'u quay 
a) Cocdu quay ddt trin phdn quay vdi hop giam 
tdc banh vit true vit; b) Co edit quay ddt trin 
phdn quay vdi hdp giam tdc banh rdng non; 
c) Co cdu quay ddt trin phdn khdng quay; 

I. Vanh rdng ldn; 2. Banh rdng ddn; 3. Banh 
vit; 4. True vit; 5. Khdp noi cd momen gidi hqn; 

6. Ld xo khdp noi; 7. Dong co diin; 8. Phdn 
quay cua may. 

O mdt sd ca cau quay con dung ca h0p giam tdc banh rang tru thudng (hinh 4.42), 
hop giam tdc banh rang tru - banh rang non (hinh 4.43). Neu didu kidn cho phep, cd 
thd bd tri ca cau quay cd ddng ca dat nam. Bd tri ca ca'u quay cd d0ng ca dat dung cd 
kdt ca'u gon han. 

Dong cadat durng dugc lap tren hdp gitim tdc bang mat bich (hinh 4.4] va hinh 4.42). 
Dd thuan tidn cho vide ga dat va lap rap, trong ca cau quay dat dung, phanh ca khi hai 
ma cd kdt cau dugc thay ddi doi chut so vdi cac phanh tidu chuan thdng thudng. 
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Hinh 4.41: Co edit quay vdi hop giam toe hanh tinh, dong co dqt dung 
a) Hinh chung; h) So do truyin dong. 

], 4, 7 - Cac bdnh rdng trung tdm; 2, 5, 8 - Cdc bdnh rang ve tinh; 
3, 6, 9 — Cac vanh rang cd dinh; H/; Hj; - Cdn: 

10 - Bdnh rdng ddn trong b$ truyin cuoi cung. 


Cac ca cau co cOng suat lan co the phan 
thanh nhi£u ca cau dan d6ng nho. Moi ca c£u 
nho do d£u co mot banh rang dan an khdp 
chung vdi vanh rang ldn. 


Hinh 4.42: Co cdu quay 
vdi hdp gidm tdc bdnh rdng 
tru thudng, dong co ddt dung 


















Hinh 4.43: Co can quay vdi hop gidtn toe bank rdng tru — non, dong eo ddt nam 
1. Thiet hi tua quay vdi vanh rdng dn khdp trong; 2. Dong co dien; 3. Khdp ndi vdng 
dan hoi va phanh hai ma kieu dien — thuy lire; 4. Hop giam toe bdnh rdng tru - non; 

5. Khdp noi dia; 6. True ddn; 7. Goi do true; 8. Bdnh rdng ddn. 

4.3.2. Tinh toan ccy cau quay 

Phan nay trinh bay ti'nh toan co cau quay cho can true, m6t loai may ma ccr cau quay 
dirge sir dung la pho bien. 

a) Lire va momen & can vd vat ndng khi co cau quay lam viec 

Trong thdi ki chuyen dong khong 6n dinh, o phan to khoi luong dm cua can (tirong 
ung vdi phan to dien tich dA WA ) - (hinh 4.44) co cac lire phan to' sau: 

d eA - trong lire do gia toe trong trirdng gay ra; 

d bA - lire quan tinh tiep tuyep do gia toe chuyen dong quay khi md may ho^c phanh 
co cau quay; 

dF pA - lire quan tinh li tarn; 

dF cA - lire quan tinh Coriolis, chi xuat hien khi co chuyen dong nang ha can xay ra 
dong thdi vdi chuyen dong quay quanh true dirng; 

dF wA - lire gio. Lire gio dF wA duoc lay theo hai trirdng hop: gio n^in trong mSt phang 
dung chira c&n, hoSc gio nam trong mat phang ngang chua can. 
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Hitth 4.44: Luc tdc dung lin cdn khi quay quanh true dung 
a) Cdc luc phdn 16; b) Luc va ban kinh quy d6'i 

Tuong tu nhu d ca cdu ndng cdn, khd'i lirong phan bd cua can co dang hinh thang 
vdi he sO' y = m K /n\, va y = A wK /A wo . 

De tien trong tinh toan, cac mdmen ddi vdi true quay trong cdc mat phdng cua cac 
lire thanh phan, tac dung l£n cdn va vat ndng khi co cdu quay 1dm vi£c, dugc quy d6i 
ve cac lire tap trung va ung vdi no la cac ban kinh quy d6i r (hinh 4.44b). 

- Trong luong ban than cdn: 

Trong lirong cdn F eA = m A .g vd khdi luong chung Id m A . Ban kinh trong tarn cdn 
sS la: 

r 

r eA = — I x . dm 
m A r J 

r 

r "A = 77-77-77 Jx[r-x + Y(x-0]dx ; 

(l+y)(r-r 0 ) 2 J 

J o 

= ttttt [r+2r ° + * 2r+r °> ] • (4 - 50) 

3(1 +y) 

- Luc quan tinh tidp tuydn khi mo mdy hodc phanh co cau quay vdi gia tdc \y: 
Phuong trinh mdmen qudn tinh: 

^bA — V-Jav * 


r 

= — x . m x .dx ; 
m* J 
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vdi mOmen quan tinh khdi lugng cua c£n dft'i vdi true quay: 

r r. r 


J Av - ]x 2 .dm = j x^.dx 3 -- tt 4 -“7 J x 2 [r - x + y(x - r„)] dx 

r r C + r) (r - r o)~ r 


m> 


[r 2 + 2r.r 0 + 3r; + y(3? + 2r.r 0 + r 2 )] 


6 (1 + y) 

Tich phan phan td luc dF bA theo chi£u dai c£n s€ dirge lire quan tinh ti£p tuy£n: 


(4.51) 


r r r 

F bA = jdF bA = M/Jx.dm = i| / Jx.m v dx 


2.m A .i|y 


J 


(1+Y) (r~0 2 r J 
m A .V{/ 


x[r - x + y(x - r 0 )] dx 


3 (1+Y) [ r + 2r » + ^ 2r + r <>)]' 

Chu y rang M bA = F bA .r bA va tur (11.12), (11.13) rut ra: 

M bA l r 2 + 2rr 0 + 3i^ + Y(3r 2 + 2r^ + r 2 ) 


r bA 


F bA 2 r + 2r 0 + Y(2r+r Q ) 


(4.52) 


(4.53) 


- Luc quan tinh li tam: Mdmen cua luc quan tinh li tarn F pA ddi vdi chd't chan c&n 
co the’ lay theo (4.80) va khi nay kh&ng ke d£n lire quan tinh li tam do khfiu lugng vat 
nang gay ra: 

m A . vp 2 tg<p 

MpA “ 6(1 +y) ^ “ Fo) [r + r ° + Y (3r + r ° )] - 

Luc quan tinh li tam do kh6i lugng c£n gay ra la: 


pA 


r r 1 

= JdF pA = vj/ 2 Jx.dm = i|/ 2 Jx.m x .dx 


Mat khac co: 


V 

3 (1+Y) 


[r + 2r 0 + y (2r + r 0 )]. 


( r pA “ To) tg<P 


.... ^pA 


pA 


Cudi cung, banh kinh quy ddi s6 la: 


(4.54) 
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M dA , _ 1 r 2 + r.r 0 + r 2 + 3y.r 

r pA“ + r o " 


(4.55) 


F pA .tg(p ~ u 2 r + 2.r 0 + y(2r + r 0 ) 

- Luc quan tinh Coriolis: 

Khi m0t khdi luorng tham gia d6ng thai hai chuy^n d0ng hudng kinh se xuat hien 
gia tO'c Coriolis. Co cau quay va ca ca'u nang ha can cung lam viec d6ng thai, cac t6c 
da goc s£ tao ra lire Coriolis, (hinh 4.45a): 

dF cA = 2.ij/.(p.tg(p.(x - r 0 ).m x .dx 
Mamen da'i vdi true quay: 

r r 

M cA = Jx.dF cA = 2.v|/.cp.tgcp.- 2n ^-- . Jx(x-r 0 )[r-x + y(x-r o )]dx 

r 0 (l+y)(r-r 0 )“ r 0 


- m A . M / : <p .t g cp.(r-r 0 ) [r + ro + Y(3r + ro)] 

3 (l + y) 

Luc tap trung 


(4.56) 


r 

-J 


Fca = dF cA = 2.V|/.(p.tgcp . 


2m, 


(l+y)(r-r o r r D 


r 

■ J*( x _ r 0 ) 2 [r - x + y (x - r 0 


)] dx 


= -m A .ii/.(p.tgcp(r-r 0 ) . Lt2l 
3 1 + y 


Ban kinh quy d6i: 


_ M cA _ 


1 


l c A 


■ [r + r Q + y (3r + r 0 )] 


(4.57) 


(4.58) 


F cA 2 (1 + 2y) 

- Luc gio: Vdi gia thiS't la di6n tich chan gid cua edn cung co dang phan ba' hinh 
thang nhu phan bd khdi luang, ke’ ca a 2 mat ph&ng, theo hai phuang tac dung cua gio 
(hinh 4.45b). 

Mamen cua luc gio ddi vdi true quay cua may se la: 


r 

-I 


M wA = 1 xdF, 


wA 


r i 

f _ 2A wA .q.cost|/ f 

= J x - A wx .q.cos\|/.dx = -—_ - 2 J x[r - x + y(x - r 0 )]dx 

r„ (l+y)(r-r 0 ) / 


Luc gio se la: 


= NA-qcos M , [r+ 2 r o + - (2f + r o )] 

3(1 +y) 

F w a = A wA .q.cos \j/ ; 


(4.59) 

(4.60) 


Trong do: 

A wA - di6n tich chan gio cua c&n; 
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q - ap lire gib tinh toan; 

_ _ _ _ _ A w 

A wx , A wK , A w0 , y - tham khao §4.4, trong do y = la ti so dien tich, so sanh gitfa 
dinh can va chan can. 


Ban kinh quy doi sd la: 


r »A = T^ = T7r^ [r+2r " + ^ 2r+r » )] 
Fwa 3(l+y) 


(4.61) 


- Cac lire tac dung I6n vat nang trong qua trlnh ca cau quay lam viec dugc mo ta d 
hinh 4.45c. Cac lire do dugc dich chuyen ve dau can. Bo qua sir xe dich cua tarn vdi 
Ar, do goc nghieng cua cap gay ra, khi tinh toan cac tai trong quan tinh F b , F c va F p . 
Coi vat nang co khbi lugng t&p trung tai mbt diem. 

Vdi cac gia thifi't trgn, bo qua luc gid va lire quan tinh Coriolis, ta cb the xac dinh 
dugc goc lech cap: 

r.ur _ Fb r. ui 
tg^r - ^ = > tgPt = ~ = — ; 

Fe g F e g 

va tri s 6 xg dich tarn vdi: 


Ar = / S .sinp r » / s .tgP r = l s . 


(4.62) 


Cac lire tinh toan tap trung tac dung ldn can va vat nang, khi ca cau quay lam vi$c, 
va ban kinh quy doi tuang ung dugc dSn ra d bang 4.6. 



Hinh 4.45: So dd luc tac dung len edn khi co cd'u quay lam viec 
a) Cac toe do cr edn; b) Luc gid phdn to trin edn; c) Luc tac dung ten vftt ndng. 
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Bang 4.6. Cac lire tinh toan tap trung tac dung len c£n va vat nfing khi co* cau quay lam vi£c 
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b) Tai trong tac dung lin thiet bi tua quay 

Khi tinh toan TBTQ, can phai biet cac tai trong thing dung, tai trong nim ngang va 
mdmen tac dung l6n phan quay cua may. D0 d6 hi£u, hinh 4.46 dua ra m0t vi du so 
d6 lire tac dung len thiet bi tua quay kieu cot cua mot can true cang. 

Cac tai trong tac dung 16n phin quay duoc m6 ti trong khOng gian vdi cac mat phing 
toa do la V x , V y . Bo qua cac tai trong tu lire quan tinh li tarn, quan tinh ti^p tuySn va 
quan tinh Coriolis do khoi luorng cpt gay ra khi quay. Cac luc ma sat, goc nghieng cua 
cpt do nen va dao ddng lie cua cap nang vat cilng kh6ng dugre ke den. Trong mat phing 
ngang co ke den luc vong an khdp cua banh rang vdi vanh rang F Ct . 



Hinh 4.46: So do luc tac dung lin TBTQ kii’u cdt 
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(4.63) 


F 0 . 


^nr^o-'Ho 

dc 


; F Gi = F C( .tga 0 ; 


Trong do: 

M m - mdmen ma may cua dong ca cor cau quay; 

io> rio - ti sd' truyen va hieu suat truydn dong chung ca cau quay; 

d G - dudng kinh v6ng chia vanh rang Ian; 

a 0 - goc an khdp cua banh rang. 


Khi ca cab duac dan ddng bdi nhidu ddng ca rieng bidt (trong vi du nay la 2 ddng 
ca), lire vong F G duac phan deu cho tung cum dan ddng. 

Die’m dat lire tac dung len can va tri sd' cua cac lire duac lay theo bang 4.6. 

Tdng mdmen dd'i vdi cac true s£ la: 


M x = XF bl .h bi + lF wj .h WJ ± F Gr .h G ; 

M y = XF eK .r ek + EFpj.hpj ± F Gt .h G . (4.64) 

Luc thang dung tac dung len gd'i tua dudi: 

F uv = F z = lF ek (4.65) 

k 


Ap lire ten cac con lan cua vong tua phia trdn duac rut ra tu cac phuang trinh can bang 
h(F 2 - Fi)siny = M x , h(F 2 + F^cosy = M y ; 

s6 la: 

1 


M v M x 

p = _i_/ —l -- 

2h V. cosy sinyj 


1 , M v M x 
F, = — f — 1L + - x 


2h ^ cosy sirry 
Luc ngang tac dung vao gd'i tua dudi: 


F U h = Vf^ + F?, vai : 


F = - 
x h 


F = - 
y h 


X F ek . r ek + X F p/ .(hp/ - h) ± F G ,(h G - h) 


£ F bj . (h bi - h) + X F WJ .(h W j - h) ± F 0r .(h c - h) 


(4.66) 


. (4.67) 


Khi tinh toan, can chu y chon vi tri cua can (goc nghieng can (p) la bat lgi nhat dd'i 
vdi tung bai toan cu the. 


c) Chon dong ca va phanh ca cau quay 

Trong thdi ki chuydn ddng khdng on dinh cua ca c5lu quay, momen can ddng Idn 
hom mdmen can tinh rat nhieu (co the tu 3 den 10 lan), thdi gian md may kha keo dai, 
ti Id goc quay khdi ddng so vdi goc quay lam vi£c trung binh thudng la cao, do do ddng 
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co phki l&m viec d ch£ do md miy nhi£u thdi gian. CQng giO'ng nhu ccr ca'u di chuy^n, 
cOng su£t tinh to£n d£ chon dQng c a c a ca'u quay, c6 ki ddn ph&n cOng sua't di thang 
mOmen can dOng va dugc tinh nhir sau: 


(M ms + M b + M w + MJ 
9550 (0,6 - 0,7) M/ max r| 0 nq 


kW 


(4.68) 


Trong do: 

n q - tdc do quay cua ph^n quay c£n true, v/ph; 
T| 0 - hidu sua't truy^n dOng chung cua ccr ca'u; 
ip max - hO sO' mOmen lan nha't cua dOng co; 


M - mOmen can quay, Nm. 

MOmen can ma sat trong TBTQ dirge x£c dinh theo §3.4. Cac thanh phan mOmen 
c£n cua lire quan tinh M b , mOmen can do gio M w dugc xac dinh theo each thuc d 
muc trftn. 

MOmen can do goc nghiOng mat dircrng M a , dugc xac dinh tCr cOng d£ nang hoac ha 
khO'i lugng cua phan quay m D , dat tai trong tarn ph&n quay, khi quay quanh true cua no 
mOt goc dy (hinh 4.47). Gia su khO'i lugng m D quay quanh true mOt goc dy, quang dirong 
dich chuyOn tuong ung trOn mat nghiOng co goc nghiOng a sO la r D .cosy.dy, cQng co 
nghTa la khO'i lugng m D dugc nang hoac ha mOt do cao la dh. Ta co phuemg trinh: 

M a .dy = F D .dh 


Vdi chu y: 


dh = dy.cosy.r D .sina 


M a = F D .r D sina.cosy (4.69) 

Tu (4.60), (4.61) va (4.69), cho thay mOmen can quay do gio M w , va do dO'c M a 
phu thuOc vao goc quay y va dat gia tri cue dai khi y = 0 + 2k.n . 6 vi tri nay phuong 
cua can vuong goc vdi phuong nghieng cua nen. 



Hinh 4.47: So dS tinh mdmen can doe M a 
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Viec chon dOng co dirge tidn hanh theo cac bude or §2.2, vdi chu y la: khi kiem tra 
thdi gian mg may ddng eg, mdmen mg may co k£ them den thanh phan do quan tinh 
Coriolis gay ra. 

Trong thdi ki phanh, cac mdmen quan tinh lam cho h$ thong dep tuc chuyen ddng, 
mdmen ma sat can trd chuyen ddng, giup cho qua trinh phanh, do do mdmen phanh 
can thi£t tren true dat phanh dirge tinh nhu sau: 

Mph = P (- Mm, + M b + M w + MJ. Ha ; (4.70) 

Trong do: 

P = 1,1 - hd so tinh den quan tinh cac chi tiet may quay trong ccr cau; 

i g , r) q - ti sd' truy^n va hi£u suat truy£n dong tu* true quay cua may d£n true dat phanh. 
N6'u phanh dat tren true ddng co thi co i q = i 0 va r\ q = r| 0 . 

Gia tri cua mdmen do luc quan tinh M b trong cac cong thirc (4.68) va (4.70) dirge 
tinh ung vdi thdi gian md may, hoac thdi gian phanh chon so bd theo bang 4.7. 

Gia tdc goc: 

■ • _ do) _ rcn q 
V dt 30. t m ph 

Qua trinh md may va phanh co cau quay hoan toan tuong tir nhu co cau di chuyd’n 
ve cac phuong trinh chuyen ddng, cQng nhu bi^u thuc tinh toan thdi gian md may hay 
thdi gian phanh. Tuy nhien can luru y la thanh phan mdmen dong co gia tri rat Ion, do 
do qua trinh md may va phanh d co cau quay thudng keo dai hon nhieu. 


Bang 4.7. Thdi gian md may (thdi gian phanh) co cau quay 


Tdm vdi ldn nhdt L, m 

5,0 

7,5 

10 

15 

20 

25 

30 

Thai gian md may 
hoac phanh t, s 

^min 

1,0 

1,5 

2,5 

4,0 

6,0 

8,0 

10,0 

hn;ix 

4,0 

6,0 

8,0 

10,0 

15,0 

25,0 

30,0 


Trong bang 4.7 gia tri t min dugc tinh trong trudng hgp khong ki den luc gio va do 
nghieng mat nen, con t niax co k£ den luc gio va do nghidng mat nen. 

§4.4. CO CAU NANG HA CAN 

4.4.1. Cau tao chung 

Co cau nang ha can dung de thay dd’i goc nghieng cua can va nhd do thay doi tarn 
vdi cua can true, may xuc v.v... Tam vdi la khoang each tu true quay cua may den tarn 
moc treo hoac gau xuc. Khi thay doi goc nghieng can, tarn vdi cung thay doi theo. 
Gidng nhu co cau nang vat, khi lam viec co cau nang ha can chju chu yeu tai trong do 
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trpng lupng vat nang (gdu xuc), va trpng lirpng ban than cua can gay ra. Su khac bi6t 
cua ca ca'u nang ha can so vdi ca cau nang vat la ngoai lire tac dung len thidft bi c6ng 
tac (tang cud'n cap) khdng phai la hang s 6 ma thay doi theo goc nghidng edn, vi vay 
vipc tinh toan ca ca'u nang ha can so vdi ca ca'u nang co nhieu diP’m khac biet. 

Co nhidu each nang ha can khac nhau. Hinh 4.48a mo ta sa d6 ca ca'u nang ha can 
dung truydn dpng cap. Pa lang cap dupe nbi vdi can nhdm muc dich giam lire cang cap 
d nhanh cud'n len tang. Co the noi true tiep pa lang cap vdi ddu can, doan gitfa can 
hodc nPi vdi ddu can thong qua nhanh cap treo. Sir dung cap treo giam nhd dupe chiPu 
dai va trpng lupng cua cap nang ha can. Bdi sud't cua pa lang cap nang can dupe xac 
dinh sao cho co the dung cung mpt dudng kinh cap vdi ca ca'u nang vat, do do co the 
dung cung mpt loai cap, mot loai puli va cung mpt loai cac chi tiPt kep cap v.v... Vipc 
nang ha can co the thuc hipn bang cac phuang phap khac, khong dung truyen dpng cap, 
ma bang cac ca ca'u truyen dpng co lien ket cung vdi can. 

Ca ca'u banh rang thanh rang (hinh 4.48b) co cau tao don gian, trpng lupng nhd, re 
tidn, nhirng khi lam vipc gay 6n. Trong thuc tP ngudi ta con sir dung ca ca'u nang ha 
edn dung truyPn dpng vit dai 6c (hinh 4.48c). Loai ca cdu ndy dupe ddng nhi£u d cac 
edn true ldn vi du nhu: ede edn true n6i, edn true edng, edn true phuc vu d ede nhd mdy 
dipn v.v... 

Cac edn true 6 t6, edn true banh IPp, cac may xuc thuy luc va cac may dung truyen 
ddng thuy luc khac, co ca cd'u ndng ha edn bang cac xi lanh thuy luc (hinh 4.48d). Vide 
bd' tri cac xi lanh nay can dam bao tay day cua no khdng bi uG'n. DP tao luc day ldn, 
thudng bd tri hai xi lanh cong tac dat song song. 



Hinh 4.48: Sa dS nguydn It cac phuang phap ndng ha edn 
a) Ndng ha edn dung truyin ddng cdp; b) Ndng ha edn bdng truydn ddng thanh rdng banh rdng; 
c) Ndng ha edn bdng truyin dong vit dai oc; d) Ndng ha edn bdng xi lanh thuy luc. 
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Cdu tao chung cua mot ca cdu nang ha can dung truydn dOng cap tren can true dirge 
m6 ta trSn hinh 4.49. 



Hinh 4.49: Cdu tao chung ca 
cdu ndng ha edn 
I. Cdn chinh; 2. Doan edn phu; 
3. Chat chan edn; 4. Cap treo 
edn; 5. Pa I dug cap ndng ha 
edn; 6. Tang euon cap ndng 
edn; 7 . Dong ca va he truyen 
dong ca cdu ndng edn; 8. Tdi 
nang eat; 9. Tdi ndng edn phu. 


Khi tang nang can 6 nha cap, do trong lirgng ban than can va ca vat nang, can 1 se 
quay quanh chOt chan can theo chieu ha, dua dau can ra xa tarn may, khi nay palang 
cap nang can 5 dan dai ra. Cho tang 6 cubn cap, palang 5 co lai va keo can len, dau 
can tie'n vao gan tarn may. Ca eau nang edn phu 2 cung hoat d0ng tirong tir nha tang 
9. Tang cud'n cap nang can, dong ca va he truyen dpng cua no co ca'u tao hoan toan 
giong tai nang vat. 

Khi thay doi tdm vai bang each ndng ha can, ngoai viec vat nang djeh chuyen ra xa 
hodc vao gan tarn quay cua may, no con bi dich chuyen len xuong ngoai y muon trong 
mat phdng dung. Su thay ddi do cao cua vat nang trong qua trinh thay doi tarn vai lam 
cho dbng ca dan d6ng ca eau lam viec khong 6’n dinh do cong suat can thay doi, gay 
kho khan cho nguai dieu khien may, ddc biet khi tien hanh cac cong viec lap ddt bang 
can true. 

Co nhidu phuong phap khde phuc nhugc diem tren nhdm dam bao dich chuyen ngang 
vat nang trong qua trinh nang ha cdn. Phuong phap thuang dung a cac edn true thap la 
lien kdt palang ndng can vai palang ndng vat hodc lien ket tai nang can vai tai ndng 
vat. Tren so d6 lien ke't hai paldng cap (hinh 4.50), cap ndng vat 1 mot dau dugc cu6n 
vao tang ndng vdt 2, con dau kia binh thuang dugc c0' dinh vao can thi a ddy lai dugc 
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cudn vao tang nang can 3 theo chidu ngtrgc vdi nhanh cap nang can. D&u can dirge 
nang len, nhung day treo vat dai ra, bu lai dd cao them ra cua dau cdn. Kd't qua la vat 
n&ng v^n d dd cao gan nhir khdng d6i. Bang each ti'nh toan hgp li phoi hgp bdi suat 
hai palSng, dirdng kinh va bi6n dang thich hgp cua tang nang can, co the dam bao vat 
nang dich chuyen ngang khi nang ha can. 

O ca cau H6n ket hai tdi nang (hinh 4.50b), tang nang can 8 dirge dan ddng tCr tang 
nang vat 9 thOng qua li hgp ma sat 11, di£u khid’n bang nam chain didn 10. Chi£u cud'n 
len tang ciia day cap d hai tcri ngirge nhau, nen khi tang 8 quay, nang dau can I6n, tang 
9 quay cung chieu va nha cap ra, ha moc xudng. 

O cac can true chan de, can true noi, do co chieu dai tay can va sue nang ldn nen 
viec khac phuc sir thay dd’i d0 cao vat nang ngoai y muon khi nang ha can la rat c&n 
thid't. Phuang phap dam bao dich chuyen ngang vat nang cling nlur can bang trong lugng 
dan c£n khi nang ha can d cac can true nay co the lham khao d §20.1-111. 



Hinh 4.50: So do cac co edit lien ket pa!ding (a) va li£n ket tai (b). 

1. Cap ndng vdt; 2. Tai ndng vdt; 3. Tai ndng edn; 4. Cap ndng edn; 

5. Cap gidng; 6. Cap treo edn (cap neo); 7 . Cap neo; 8. Tang ndng edn; 

9. Tang ndng vdt; 10. Nam chdm di$n; 11. Li hap ma sat. 

4.4.2, Tinh toan eg cau nang ha can 

a) Momen can tai chot chdn edn khi ndng ha can 

Trong thdi ki md may, tat ca cac mOmen cualuc tac dung I6n can quy vi chd't chan 
c£n dugc xac dinh nhu sau: 
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M a = M, + M 2 + M 3 + M 4 + M s (4.71) 

Trong do: 

M, - m&men do trong lugng ban than cua vat nang va can gay ra ddi vdi chdt 
chan edn; 

M 2 - mdmen do lire quan tinh cua khdi lugng vat nang va can khi md may ca cau 
nang ha c&n; 

Mi - mdmen do luc c£n gib tac dung lbn vat nang va can; 


M 4 - mbmen do luc quan tinh cua cac 
khdi lugng vat nang va edn khi ma may 
hodc phanh co cdu di chuy^n; 

Ms - mOmen do luc quan tinh li tarn cua 
khdi lugng vat nang va edm khi ccr ca'u 
quay lam viec dbng thai vdi co cdu nang 
ha edm 

Bai toan dugc xet trong thdi ki md may 
co cau nang ha edn, d6ng thdi co ca cau 
quay dang lam vi£c, cilng nhu dang md 
may hoac phanh ca ca'u di chuyln. Gia 
thiet khdi lugng cua edn phan bd theo 
chidu dai co dang hinh thang nhu hinh 
4.51, m k va Id khdi luang phan bd theo 
chidu ddi cua can d dinh can va chan can. 

Su thay ddi khdi lugng phan bd cua edn 
dugc danh gia bang hd sd: 



Hinh 4.51: Cdc luc phdn td' tdc dung lin edn 



(4.72) 


Cd hai dai lugng m K vd m 0 phu thude vao tdm vdi r. Khdi lugng chung cua edn sfi Id: 


m A = ni^ . (r - r Q ) - — ( 1 - y) (r-r 0 ) - ^ + Y> ( r " r o) 


(4.73) 


Tu (4.73) suy ra: 


= -*- (4.74) 

(1+Y) (r-r 0 ) 

Khdi lugng phdn bd trftn phan td chidu dai edn, chidu trdn mat phdng ngang dx Id: 

- o r-x-f-Y(x-r 0 ) 

m x — 2.m A • > (4-75) 

(1 + y) (r - r 0 )“ 

Trong dd: m x la mOt hdm cua r vd x. 
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- Xac djnh mdmen M t . 

KMi lirgng cua phan to chieu dai can theo phirang ngang dx la: 

dm = m x . dx ; 

Tir do co : dF eA = g.dm = g. m x .dx . 

Coi khdi lirgng vat nang m Q tap trung tai dau can. 

Lay mo men doi vdi chot chan c<m co: 


M ] = rriQ.g.(r - r 0 ) + 


r 

J (x - r 0 ). 


dF 


eA 


2 .m A .g f 

= m Q .g.(r - r ) + --—--y I (x - r 0 ) [r- x + y(x - r 0 )].dx 

(l+y)(r-r 0 )- r J 

o 

, “A-g 1 + 2 y /r _ r \ 

= m Q g ( f - r o) + — ' "j— - (r r ») 


- Xac dinh momen M 2 : 

Vdi dF bA = ip ^ -dm 
cosip 


fx - r 

ta co: Mt = mo.cp./ A + - £ • dF bA 

r J costp 


(4.76) 


= mq.ip.il + 


2 .m A .cp 


(1 +Y) (r - r 0 ) 2 .cos 2 (p r ; 

i2 . m A-9 1 + 3y , 

= m Q .q)./ A + 7 -— • ( r ~ O 


r 

• J(x - r 0 ) 2 [r - X + Y(x - r 0 )] dx 


(4.77) 


6.cos"cp 1 + Y 

- Xac dinh momen M 3 : 

Gia thidt sir thay d 6 i di 6 n tich chan gio cua can tirang tir nhir phan bd khdi lugng, 
dien tich chan gio phan theo chieu dai can d vi tri tuong irng vdi x s 8 la (tirang tu 4.75): 

_ r - x + y(x - r n ) 

A = 2 .A •-- T va 

(l+y)(r- 0 2 

dF wA = dA.q.sincp = A x .q.sincp.dx; 

Trong do: 

A - tong dien tich b£ mat chiu lire gio cua can; 
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q- ap luc gi6 tinh to&n; 

y = —■ - ti sd di6n tich, so sanh gitfa dinh c£n va chan can. 

A 0 

MOmen do gio gay ra ddi vdi chdt chan c&n st la: 


M 3 = A 0 .q.tg<p.(r-r o ) + 


r 

J(X- r o 


i) tg<p.dF wA 


I 

= A Q .q.tg(p.(r - r 0 ) + 2A.q.tgq>.s i nq> J( x - r 0 ) [r - x + y(x - r c >] dx ; 
0+Y)(r-r o ) 2 r Q 


A.q . tgtp.sincp 1 + 2y 

= A Q .q./ A .sin<p + ± (r - r 0 ) . 


(4.78) 


Vdi Aq la di6n tich chin gio cua v^t nang. 

- Xac dinh mdmen M 4 : 

Trong mat phing dung chura cin> gia tdc cua ccr cau di chuyg’n khi md may hoac 
phanh a f se gay ra lqc phan td d khOi luang dm. 

dF fA = a f .dm 

Mdmen do luc quan tinh cac kh6i luang vat nang va c&n gay ra ddi vdi chdt chan c£n. 


M 4 = m Q .a f .tgcp(r 


r 

r o) + J (X - r 0 


) tg^-dFfA ; 


= m Q .a f .tg<p(r-r 0 ) + 


2.m A .a f .tgq> 

(l+y)(r-r 0 ) 2 


r 

■I 


(x-r 0 )[r-x + y(x-r 0 )] dx 


= niQ.a f ./ A .sin(p + 


m A .af.tg9 1 + 2y 

3 ‘ 1+y 


(r-O • 


(4.79) 


- Xac djnh mdmen M 5 : 

N6u chuy£n dOng nang ha cdn xky ra ddng thdi vdi chuy£n d0ng quay quanh true 
thing dung cua may vdi tdc do gdc \j/, thi luc quan tinh li tarn cua khdi luang phan 1 6 
dm la: 


dF pA = x.\|/ 2 .dm 

va mdmen cua luc quan tinh li tam cac khdi luang vat nang va cin ddi vdi chdt chan cin: 
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r 

M 5 = mg V-tg<p(r - r 0 ) + J(x 


r 0 ).tgcp.dF pA 


= mQ.\|/ 2 tg(p(r - r 0 ) + 


2.m A y 2 .tg(p 

(l+y)(r-r 0 ) : 


r 

J 


x(x - r Q )[r - x + y(x - r 0 )] dx 


= mg.v|/ 2 .tg(p(r 


r 0 ) + 


m A-M ;2 -tg<P 

6(l+y) 


(r - r 0 )[r + r 0 + y (3r + r 0 )] 


(4.80) 


B&ng 4.8 thdng kt lai ckc cdng thuc xac 
djnh mdmen dO'i vdi chd't chan can da tmh 
d tr£n. Vdi khdi lirqrng cua c&n, phan bd' 
d£u, ta co y = 1 va m x = m/(r - r 0 ) se la 
hang s6'. d6 dang md tk bang d6 thi sir 
thay ddi gia tri cua cac mdmen khi t&m vai 
r thay d6i, coi cdn co khd'i lirgng phan bd' 
d£u va cho r 0 = 0. 

M’j = Cj. fj(~) ; (4.81) 

Trong do: MY mdmen dd'i vdi chd't 
chan cdn do khd'i lirgng c£n gay ra. 

Bang 4.9 cho gia tri cua Cj va fj tuong 
dng vdi cac mdmen Mj-M^ va hinh 4.52 la 

dirdng bia’u di£n cua ham j~j 



cas7>=~ —— 

U 


Hinh 4.52: Su phy thu$c 
cua cdc m6men vdo tdm vdi 


Bang 4.8. C6ng thurc xac dinh mdmen tren co* cau thay doi tarn vo*i 


MOmen 

Khi cdn co khdi luong 
phan bO' d£u 

Khi cdn c 6 khO'i lirpng 
phan bO' dang hinh thang 

Do khO'i luxyng 
v$t nang 

M, 

m A-8, . 

2 (r - r "> 

m A g 1 + 2y 

3 '77? (r ~ rJ 

m Q g(r - r 0 ) 

Mj 

. A * (r-r (> ) 2 

3 . cos <p 

m A qi./ 2 A 

3 

W .i±Dt (r _ r) > 

6.cos‘ip 1 + y 

m A d/A 1 + 3y 

6 1 +y 

cos (p 
= m Q .(p/* 

M, 

A.„OT (r _ rJ 

= ~ A.q./ A sin 2 (p 

A.q.tgq>.sin(p l+2y (| . 

3 1 +y 

A.q./ A . sin 2 (p l + 2y 

3 i+y 

A y .q.tg(p(r-r 0 ) 

= A Q .q./ A .situp 
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Bang 4.8. (tiep theo) 


MOmen 

Khi c&n co khd'i lirgng 
phan b£> ddu 

Khi can co khO'i lirgng 
phan bd' dang hinh (hang 

Do khdi lircmg 
vat nang 

m 4 

m A .a,-tgq) , 

A (r - O 

1 / • 

= ^ m A .a,./ A .sirup 


niy a ftg<p (r - rj 
= m y .a f / A .sincp 

M, 

(2r + r„)(r - r„) 

6 

_ m A .\jr./ A .sin<p _ 

. (2r+r„) 

6 

m A 4> tgcp y 

... . (r-r„) fr + r„ + y (3r + r n )l 

6(1 + y) 

m A .ijr./ A .sincp r 

- ... , fr + r„ + y (3r + r„)l 

6(1+ y) 

m y \p 2 .r.tgcp(r - r„) 

= m Q .iprr./ A .sin<p 


Bang 4.9. Gia tri cac dai lutyng Cj va f/ —) 6* cdng thirc 4.81 vtfi r n = 0 va y = 1 


M’s 

___< 
U E 

<f) 

M’,(M cA ) 

£ 

2 

r 

u 

M\(M bA ) 

<P-*a 

3 

1 

M' 3 (M wA ) 

2.m 


M’ 4 (M fA ) 

% 

2 

iHt)‘ 

M’ 5 (M pA ) 

' 2 , 

V * A 

2 

— 


Khong chi co momen do cac ngoai 
lire gay ra d6'i vdi ch6't chan can ma 
ca goc truyen lire 5 (hinh 4.53) cQng 
thay doi theo tam vdi hoftc goc 
nghieng can q>. 



Hinh 4.53: Goc truyen lire 
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(4.82) 


Tu quan he hinh hoc tren H co: 


e = d . ^ = Vd 2 - 2.c d.cos(a - tp) + c 2 . 

sin5 


Td (4.82) rut ra: 


sin5 ~ 


sin(a - (p) 


^|l - 2 cos (a - <p) + ' Cn 


(4.83) 


Lire nang ha can tac dung 16n chi tiet truyen lire (paling cap ning can, can pit 
tong v.v...) 

M a 


F, = 


(4.84) 


E c . sin8 

Dd thay tdc dO goc (p cua can quay quanh chtft chin can 14 ham eda tdc d0 co lai 


hoic du6i ra cua paling cap nang can V E 


<P 




c.sind 


(4.85) 


b) Tinh toan co cdu nang ha edn 

Phan nay gidi thieu trinh tir tinh toan ccr cau nang ha can bing truyen ddng cap, 14 
loai phd bien nhat hien nay. Do vise tinh toan hoin to4n tiremg tir co cau nang v$t, nen 
chi neu m0t s 6 didm can chu y. Co thd coi lire tac dung l£n paling ning can F E co vi 
tri tirong irng vdi trong lirgng vat ning Q tac dung len paling nang vat trong co cau 
nang vat. 

- Xac dinh lire tac dung len paling ning can F E . 

Lire F E 14 m0t dai lirgng phu thude v4o vi tri cua can, do vay trong thirc 1 6 ngirdi ta 
thirdng tinh F E tirong irng vdi nhieu vi tri khac nhau cua can. Khi 14m vi$c, tarn vdi cua 
edn true thay ddi tir r min ddn r max tirong irng co goc nghieng can (p thay ddi tir (p max den 
(p min . Cac vi tri tinh toan thirdng dirge chon bing each chia ddu khoang each cua pham 
vi thay ddi d tr£n. So diem chia cing nhidu thi mire do tinh toan cang chinh xac. Cac 
ket qua tinh toan dirge lap thinh bang. Khi tinh toan cac mOmen do khd'i lugng vat 
nang gay ra trong M,, M 2 , M 3 , M 4 , M 5 can chu y den so thay ddi gia tri cua khoi lirgng 
vat ning theo tarn vdi. Do tren can true co sir phoi hgp 14m viec dong thdi cua cac co 
cau, nen lire F E dirge xac dinh theo cac to hgp tai trong khac nhau. 

Tdi trong tinh len paling nang edn, khi nang can cung vdi vat nang: 


_ Mj + M 3 — S v .b 
F{£ . , 

c.sino 

Trong do: 

S v - lire cing nhanh cap nang vat; 

b - khoang each tir cap nang vat den chdt chin can (hinh 4.53); 


(4.86) 
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b = c’.sind’ (4.87) 

Gia tri sin 5’ dugc xac dinh theo (4.83) ung vdi cac gia tri a, c’, d (hinh 4.53). 

Tii trong ldn palang n£ng can khi nang din co vat phd'i hop vdi quay cin true: 


F k = 


+ M 3 + M 5 - S v .b 


c.sinS 


(4.88) 


T&i trong ldn palang nang can khi nang c&n co vat phoi hop md may hoac phanh co 
ca'u di chuydn. 


_ M} + M 3 + M 4 — S v .b 
E c.sinS 


(4.89) 


Trong cac trudng hop trdn ddu khdng kd dd'n t£i trpng quan tinh cua khoi lugng vat 
nang va can khi md may hoac phanh co ca'u nang ha can. Cac gia tri F E dirge tinh cho 
nhidu vi tri va dirge lap thanh bang. 

- Chon bdi sua't palang nang can va chon cap. 

Trong nhidu can true, dac biet la c&n true thap co sir dung so dd mac cap lidn hgp 
khi dd dirdng kinh cap nang can va cap nang vat lay bang nhau. Can cu vao didu nay 
va dua vao lire cang F Emax chon bdi suat palang nang c&n. Cung co thd tham khao cac 
loai may tuong tu dd xac dinh bdi suat palang nang cdn. Sau khi chon bdi suat palang, 
tid'n hanh chon cap nang c&n va cap treo cin (nd'u co). 

- ChQn ddng co va phanh: 

Dd chon dOng co, ngoai tdng tai trong tac dung ldn palang nang can F E can phai xac 
dinh td'c dd thay ddi chidu dai palang nang can v E . 


v = — ~ ; m/s (4.90) 

t 

Trong dd: 

e lt e n - chidu dai palang cap ung vdi c£n d vi tri co t&m vdi ldn nh£t va nho nha't; 
t - thdi gian thay ddi tarn vdi tCr t&m vdi ldn nha't dd'n nhd nh^t hoac ngugc lai. 

Thdi gian thay ddi tarn vdi t phu thude vao edng dyng, loai va nang sua't cua c£n 
true. Bang 4.10 cho cac gia tri trung binh cua t va td'c dO thay ddi tarn vdi trung binh 


tmax ^min 


60 , 


m/ph. 


Bang 4.10. Gia tri trung binh cua t va V, 


Loai edn true va edng dung 

Thai gian thay ddi tdni vdi t, s 

Tdc do trung binh v t , m/ph 

true chan dd (bde dd) 

18 - 30 

50-60 

Cdn true chan dd (lap rap) 

60-65 

20 - 25 

can true ndi 

120 + 200 

- 

Cdn true thap 

25 + 120 

4 4- 30 

Cdn true d to 

5-30 

6-35 
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COng suit dOng ca dugc tinh theo tii trQng trung binh binh phurang 


S(Fl,.Ae|) 


Z Aej 

i = 1 


(4.91) 


Trong dd: 

Aej - khoing thay d6i chiiu dii paling ning cin tCr vj. tri tinh toan thu i din i + 1. 

F Ei - tii trong tinh tac dung I6n paling cip ning cin tinh d vi tri i theo edng thuc 
(4.86) hoic (4.88). ' 

Cdng suit ydu cau cua ddng ca theo diiu ki6n phat nhidt trong sud't thdi gian thay 
d6i tim vdi tir r max din r min : 


y/c 


F, b -V E 

1000.r) o 


kW 


(4.92) 


Trong do: ri 0 - hidu suit truyin ddng ca ciu. 

Sau khi chon edng suit ddng ca theo phirang phap trdn diy, phii ki6m tra lai theo 
khi ning qua tai cua d0ng ca cflng nhu thdi gian hoic gia.ttfc md miy. 

Ddng ca phii co khi ning qui tii tuc thdi do mdmen M max giy ra: 


M max < (0,8 4- 0,85).i|/ max ■ M dn 

Fn m »vdT 


M max “ 


Emax u T 

2.a.i T| 0 


(4-93) 


Trong do: 

d x , a - dudng kinh tang vi bdi suit paling ning cin; 

i g - ti sd truyin hdp giim tdc; 

r| 0 - hi$u suit truyin ddng cua ca ciu; 

F E max - tii trong Idn nhit tac dung ldn paling ning cin dugc tinh theo edng thuc 
(4.88) hoic (4.89); 

Cin ki«?m tra thdi gian md may cho d0ng ca vdi luc F Emax ; thdi gian md miy luc 
niy khdng ndn vugt qua 5 4- 6s. 

Phirang trinh mdmen md may cua ddng ca: 


M m = M d + M,; 


Trong do: 

M, - mdmen cin tinh dugc xac dinh tu luc F Emax theo edng thuc (4.86) vi (4.88) vi 
dugc tinh theo (4.93); 

M m - mdmen md may trdn true ddng ca; 
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M d - mOmen dOng phat sinh trong thai ki md may. Co th6 chia M d ra 2 phan: 

M d = Mqn + M ql2 ; (4.94) 

M ql] - mdmen cua lire quan tinh cac tie't may quay trong ca cau quy ve true d0ng co: 


to, 


0 ), 


Mqt i Jqj" ^ CX..J] * ^ , 


'ql 


^ni 


(4.95) 


M qt2 - mdmen cua luc quan tinh cac khd'i lurgng vat ndng va can gay ra trong thai ki 
md may khi nang can, dirge quy vd true d0ng ca: 


Fg.dy 

M - = 

F’ r lire quy d6i tu rndmen M 2 . Theo (4.84) co: 

M, 

F’ e = —=r 

c.sino 

Coi khdi lugng edn phan bd ddu, theo bang 4.8 co: 


(4.96) 


FV = 


/ m n 

(y + mQ ). 


•9 va 


9 


Thay tdt cd vao (4.96) co: 


c.sinS 
v E _ cO].d T 


c.sin5.t r 


2.c.sin6.i g .a.t m 


Cudi cung co: 


Dat 


1 + 


^ qt2 4 /C.sin5\2 2-2 




co, 


M d = a . J, •-i- — 

tm 4 


1 (3 +m<3 ) d ' 


Tsin8^ 


\ Ia J 
m 


®1 
2 •2 

.a .i„.r| 0 


J n = a.J, + — • — 
0 1 4 r 


/ 111 \ 
IT + m oJ d T 


csin8 


2 -2 

.a -i g .r| 0 




(4.97) 


(4.98) 
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GD 2 = cc.X(G,D?) + 


Ta co thdi gian mo may khi nang c£n: 

_ Jp- Q>! 

' m M m - M t 

GD 2 . n, 


( 3 +Q ) d ^ 


(4.99) 


' 375(M m -M t ) 

Trong ca c&u n3ng cdn chi ducrc phep dung phanh thirdng dong nhir d co c£u n&ng 
vat. Mdmmen phanh tinh theo cdng thurc 


M p > k. M max = k 


vdi h£ sd an tokn k > 1,5; 


Trong do: i - ti stf truy£n tu true tang dSn true dat phanh. 

Phanh phai ham dirge can d moi vi tri khi co gid d trang thdi khOng lam viftc vdi h£ 
s 6 an toan k > 1,5. 

Sau khi chon phanh edn ki6m tra thdi gian phanh, sao cho thdi gian phanh khCng 
virgt qua 4 -5- 5s ung vdi F Emin va khdng nhd hon 1,5 s ung vdi F Emax . Tiromg tu- nhu 
(4.99) co: 


J o 03] _ GD 2 nj 

* ph “ M ph -M, h °‘ C tph " 3?5(M ph - MJ 

1 (7 + m o) d T' , 1o 

J 0 = a.Jj +— *- ho 3 c 

4 -2 2 / csin6\2 

*{~r) 


(4.100) 


GD 2 = al^GjD?) + 


(f +Q ) d ^° 

t-HT ) 2 
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Chutmg 5 

THlfiT BI AN TOAN VA HE TH6NG 
DIEU KHIEN TRfiN MAY XAY DUNG 


§5.1. THIET BI AN TOAN TRfeN MAY XAY DIJNG 

Trong may xay dung, cac loai thid't bi dung va phanh, so dd didu khidn va cac tie'p 
didm an toan dien... chi co the dam bao an toan cho may va ca c&'u trong dieu kien lam 
vide binh thudng dd thuc hidn cac chuc n&ng ydu c&u cua may. Dd d&m bcio an toan va 
ng&n ngua su cd trong nhttng tinh hud'ng ng§u nhidn ngoai mong mud'n cua ngudi didu 
khidn, may xay dung can ph&i duoc trang bi ddy du cac thid't bi an to&n theo dung quy 
dinh trong tidu chuan vd ki thu&t an toan may, d&c bidt la cac loai may nang. 

Theo nguydn li, thiet bi an to&n trdn may xay dung g6m: thid't bi an toan (TBAT) co 
khi, TBAT didn, TBAT co - didn, TBAT thuy luc, TBAT didn - thuy luc, trong do cac 
TBAT co - didn duoc su dung pho bid'n nh&'t. 

Theo cdng dung, cac TBAT trdn may xay dung co thd chia thanh cac loai sau: 

- Thid't bj gidi han hanh trinh dung dd gidi han hanh trinh cac chuydn dOng tinh tien 
theo phuong ngang vk phuong dung hoSc h&nh trinh chuydn ddng quay cua may va cac 
bo ph$n may theo dung thid't ke. Khi may hoSc cac bd phan may chuydn ddng dd'n vi 
tri gidi han, thid't bi gidi han sd tur dOng ngSt dung chuyen ddng de dam bao an toan 
song vSn dam bao kha nang didu khidn chuyen ddng theo chidu ngugc lai de dira may 
trd vd trang thai lam vide binh thudng. 

- Thid't bi gidi han tai trpng dung dd chd'ng qua tai, tu ddng ng^t dung co cau de 
dam bao an toan trong trudng hop tai trong vuot qua gia tri cho phep. Thiet bi gidi han 
tai trong bao gom cac loai khdp gidi han mdmen, gidi han tai trong nang, gidi han 
mdmen tai trong. 

- Thid't bi gidi han td'c dd dung dd didu chinh hoac dung han chuydn ddng khi td'c 
dd vuot qua gia tri cho phdp. Thiet bi gidi han td'c do g6m cac loai khdp nd'i li tarn, bd 
han chd' td'c dd. Bo han chd' td'c do thudng duoc dung kd't hop vdi bd ham bao hidm va 
duoc gidi thieu trong cac tai lieu vd thang may. 

- Thid't bi chi bao va tin hidu nhu chi bao tai trong, chi bao dp nghidng, tarn vdi, chi 
bao td'c dd gio (do gio), tin hidu am thanh (coi tin hidu), tin hidu anh sang (ddn bao)... 

- Thid't bi phong gio (thid't bi kep ray) dung cho nhung may di chuydn trdn ray va 
lam viec ngoai trdi. Thid't bi kep ray thudng duoc dung kd't hop vdi thid't bi do gio. 

Cac loai TBAT kd trdn co kd't ca'u ra't da dang va duoc gidi thidu ki trong cac tai lidu 
chuyen nganh ve cac loai may cu the. Trong muc nay chi gidi thidu mang tinh nguydn 
li ve mdt sd' TBAT didn hinh. 
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5.1.1. Thiet bi gidi han hanh trinh 

Theo dang chuy^n dOng, thie't bi gidi han hanh trinh g6m: thiet bj gidi han chuy^n 
ddng tinh tie'n theo phirang dung (gidi han chi£u cao nang); thie't bi gidi han chuydn 
dOng tinh ti6"n theo phuang ngang hoSc nghieng (gidi han hanh trinh di chuy^n); thie't 
bi gidi han chuy^n ddng quay (gidi han goc nghieng can va goc quay cua may). 

Cac thie't bi gidi han hanh trinh k£ tren d£u \km vide theo nguydn li t&c dung tu ddng 
ca - dien: khi may hodc bd phan may chuy^n ddng dd'n gan di£m gidi han hknh trinh 
se tac ddng len cong tic h&nh trinh di ng£t mach didu khidn dung ddng ca va dong 
phanh cua ca cau song van dam bao kh& n&ng didu khidn ddng ca quay theo chidu 
ngugc lai. 

Tren hinh 5.1 la cac cdng t^c hanh trinh thdng dung trong thiet bi gidi han h&nh 
trinh. Khi han che' hanh trinh mdt chidu, ngudi ta dung cdng tic h&nh trinh ki£u tay 
don ho&c kid’u nut bam (hinh 5.1a, b) vh. cdng tic hanh trinh dugc gan cd' dinh tai didm 
gidi han tren quy dao chuydn ddng cua may hoSc bd phan may, chi tid't tac ddng len 
cdng tic dd dung chuydn ddng dugc gin tren may ho&c phin chuydn ddng can han che' 
hanh trinh. Khi can gidi han hanh trinh theo hai chidu, co the dung hai cdng tic hanh 
trinh ke trdn gin d hai diu hoac dung cdng tic h&nh trinh kieu vit - dai d'c hay kidu BY 
(hinh 5.1c, d) lip tren ca cau dan ddng. Vit 3 (hinh 5.1c) nhan chuydn ddng quay tu 
mdt true nio do cua ca cau qua bd truydn dai hoac banh rang 1. Tuy theo chidu quay 
cua vit 3 tuc chidu chuydn ddng cua ca ciu ma dai d'c 2 chuyen ddng tinh tid'n sang trai 
hoac sang phai va tac ddng ien cac tid'p diem 4 ho<tc 5 tai cac vi tri gidi han d£ dung 
ca cau. Truy^n ddng vit - dai d'c va ti sd' truy£n cua bd truyen 1 phai dugc tinh toan 
sao cho dai d'c 2 tac ddng vzio tie'p diem irng vdi cac vi tri gidi han cua chuydn ddng. 
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Hinh 5.1: Cdng tdc hanh trinh 

a) Kieu tay don; b) Kieu nut bd'm; c) Kieu vit - dai 6c; d) Kii’u BY. 
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Gon nha't la loai cdng tac hanh trinh ki£u BY (hinh 5.Id) lap trdn ca c£u vdi bd 
truy^n true vit - banh vit. Dia l6ch tam 11 dupe gdn l6n banh vit 6 an khdp vdi true vit 
7 dupe dan d0ng tu ca c£u. Trdn dla 11 co cac v£u 9 va 10 tac dOng lam dong (vi tri 
II) hoac md (vi tri I) tiep di£m 8 cua mach di£u khi£n. Khi gidi han hanh trinh theo hai 
chi£u thi trdn dia 11 phiii co hai b0 v£u 9, 10 tai cac vi tri thich hop. 

a) Thii't bi gidi han chiiu cao ndng 

Thie't bi gidi han chidu cao nang ddng chu y£u trdn cac loai may nang vdi ba loai 
chinh: Ki£u tay don, ki£u cap treo va loai lap vdi tdi nang vat. Tai vi tri gidi han chi£u 
cao nang khi dung chuy^n d0ng, thiet bj mang vat phai each k£t cau thep cua may it 
nha't la 50mm dd'i vdi palang didn va it nha't 200mm dd'i vdi cac loai c£n true khac. 
Thid't bi gidi han hanh trinh noi chung va gidi han chi£u cao nang noi rifcng chi dung 
d£ dung chuy£n dOng phdng ngua tai nan do sa sua't cua ngudi iai chu khdng dupe dung 
nhu m0t thid't bi dung tu ddng trong qua trinh di£u khie’n may. 

Thie't bi gidi han chidu cao nang ki6u tay ddn (hinh 5.2a) g6m tay don 2 lidn kd't 
khdp vdi d£u c£n 4 va cOng t£c hanh trinh 3 (kidu nut ba'm). Khi thid't bi mang vat dat 
tdi vi tri gidi han, v£u 1 ti vao tay ddn 2 lam xoay tay ddn va tac ddng vao edng tac 3 
d£ ngat ca ca'u. He thd'ng di£u khi£n ca cau nang cho phep ha moc treo d£ dua may v£ 
trang thai lam vide binh thudng va khi do tay ddn 2 trd v£ vi tri cfl dudi tac dung trong 
lupng cua no. 



Hinh 5.2 : Thii't bi gidi han chiSu cao ndng 
a) Kiiu tay ddn; b) Kiiu cap treo; c) Gidi han do sdu ha moc treo. 
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Thidt bj gidri han chidu cao nang kie’u cap treo (hinh 5.2b) g6m v^t nang 5 tren cap 
4 lien ke't vdi tay don 3 cua cong tac hanh trinh 2. Tai vi tri gidi han chidu cao, vau 6 
cua h6p moc treo 7 ti vao vat nang 5 lam cap 4 chung va 16 xo 1 lam tay don 3 xoay 
di m6t goc de ngat dong co cua co cau. Khi ha hdp moc 7, vat nang 5 lai keo cang cap 
4 thang lire keo cua 16 xo 1 lam tay d6n 3 xoay ngiroc lai de dua c6ng tac 2 trd vd trang 
thai cd. 

Thiet bi gidi han chidu cao nang lap vdi tdi nang vat thirdng dung c6ng tac hanh 
trinh kie’u vit - dai 6c hoac kidu BY (hinh 5.1c, d) va cd the’ gidi han hanh trinh nang 
theo hai chidu, dung trong trirdng hop c£n gidi han them dd sau ha moc treo. Ndu may 
nang phai ha moc treo xudng thap hon dd cao mat bang may dung ma da dupe lap thiet 
bi gidi han chidu cao nang kidu tay don hoac kie"u cap treo thi c&n phai dupe trang bi 
them thie't bi gidi han dd sau ha moc treo lap vdi tdi nang (hinh 5.2c). Con lan 1 nhd 
tay don 2 va 16 xo tren chdt 6 ludn ti vao cap nang 4 cudn tren tang 3. Khi ha moc treo 
xudng tdi do sau gidi han, tren tang con it nhat 2 -r 2,5 vong cap se la diem ma con 
lan ti 16n cap. Ne'u tiep tuc ha, cap nha tu tang se lam con lan va tay don xoay di mdt 
goc tac dong vao cong tac hanh trinh 5 de ngat dong co. 

b) Thiet bi gidi han hanh trinh di chuyen 

Thiet bi gidi han hanh trinh di chuyen thudng dupe trang bi cho nhirng may di chuyen 
tren ray hoac theo dan hudng cirng vdi m0t quy dao chuyen dong xac dinh. Tuy la loai 
gidi han hanh trinh theo hai chi£u song vi co dudng ray hoac dan hudng cung nen thi0t 
bi gidi han hanh trinh di chuyen thudng dung hai edng tac hanh trinh kilu tay don (hinh 
5.1a) gan d hai dau dudng ray ke't hop vdi cac giam chan de dirng han chuyen ddng. 
Cabin thang may tuy co chuyen ddng tinh tie'n theo phuong thang dung song vi co dan 
hudng cung nen cung dupe trang bi thiet bi gidi han hanh trinh loai nay va giam chan 
chi dupe lap dudi day hd thang. 

Khi di chuyen gan den cudi hanh trinh, banh cam hoac v£u lap tren may se tac dong 
ien cong tac hanh trinh de" ngat co cau di chuyen song do quan tinh may van tiep tuc 
chuyen ddng va chi dung han khi va cham vao u ti cd dinh d cuoi dudng ray cd 
giam chan. 

Giam chan dung d£ giam va dap va rung ddng cho may khi va cham vao u cd dinh 
d cudi dudng ray. Bd phan dan hdi cua giam chan se hap thu ddng nang cua khdi lupng 
chuyen ddng tinh tie'n, do do giam tai trong ddng ra't ldn xuat hien trong cac chi tiet 
va kdt cau may. Giam chan va u ti con tang dd an toan cho may trong trudng hop phanh 
cua co cau di chuyen va cong tac hanh trinh bi hong. 

Theo vi tri lap dat cd giam chan cd dinh (lap tren u ti) va giam chan di ddng (lap 
tren khung di chuydn cua may). Theo cau tao cd giam chan bang g6, cao su, gi&m chan 
16 xo va giam chan thuy luc. 

Giam chan bang gd thudng chi dung tren may nhd, dan dong bang tay. Giam chan 
bang cao su dupe dung phd bien hon vdi bo phan dan hdi la mdt khdi cao su dac, cd 
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CT b > 450 N/cm 2 , do dan dai 
tuang dO'i 8 = 200%, dung 
luong d6ng A d = 630 4- 
6450 N m. Hi6n nay ngubi ta 
cdn thay cao su bang cha't deo 
co dung lirong dOng Ian. 

Pho bi6n la giam chan 16 xo 
(hinh 5.3a), 16 xo nhieu tang, 
16 xo ma sat. Khi lam viec hau 
nhu dCng nang cua may dugc 
chuyen thanh th£ nang cua 16 
xo. Lo xo co dung lugng dong 
khong lan va chieu dai tuang 
d6i lan n6n khi may co khoi 
luong va van toe lan thi phai 
dung nhieu 16 xo song song 
(nhi8u tang) lam ket eft'u giam 
chan nang va c6ng kenh. 



Hinh 5.3: Giam chd'n 
a) Kieu Id xo; b) Kii'u thuy luc. 


Giam chan thuy lire (hinh 5.3b) thirong dung cho may co khoi luong va toe do di 
chuyen lan do co dung lirgng dong lan, lam vi6c 6m, giam va dap va rung dong tot. 
Khi chiu lire nen, pittOng 1 dich chuy6'n sang phai va dau trong xilanh qua khe ho hinh 
v<inh khan giiJa l6i 3 va 16 tren pittOng s6 chay v6 khoang 6. Vi loi 3 co hinh con nen 
khi pittbng dich chuyen sang phai, khe hd hinh vanh khan hep d&n lam luu luong dau 
chay vao khoang 6 gi&m va pittbng chiu dugc lire nen Ion dan vbi t6c dO giam dan d£ 
dam bao qua trinh dung dirge 6m diu. D £ tranh va dap trong thbi di£m giam chan bat 
dau lam viec, tren dau ti 4 co lap 16 xo chiu nen 5. Khi dirge giai phong khoi luc nen, 
pittbng 1 dich chuyen sang trai de trd v6 vi tri ban dau nho 16 xo 2 va dau tir khoang 
6 chay ve xilanh. 


Chuyen dong cua may vbi toe d6 lbn co dong nSng r£t lbn va bo phan dhn h6i cua 
giam chan khong hap thu het dong nang nay. Vi vay khi tinh toan giam chan, ngirbi ta 
thuerng tinh tdc do cua may tai thbi di6m va cham v bang m6t nua van toe danh nghla. 
Phuong trinh can bang nSng lirgng khi va cham la: 


~~ = (W, + W ph ).s + A d .n; 


(5.1) 


Trong do: 

m - khoi lugng cua may chuyen d6ng khi va cham; 

W, - luc can tinh tren banh xe (bo qua ma sat thanh banh); 

W ph - luc phanh quy ve vanh banh xc, n6'u khi va cham phanh kh6ng l&m vi6c thi 

W ph = 0; 
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(5.2) 


s - hanh trinh cua gi&m chan; 

A d - dung lugng dOng cua gi&m cha'n; 
n - s 6 giam chan. 

Trong tinh toan gan dung, phirang trinh (5.1) co th£ viOt: 

m.V 2 . n 
-— Arf.n . 

2 


Dung lirgng dong cua cac bd phan dan hoi dugc xac dinh nhu sau: 

- Doi vai 16 xo, 16 xo - ma sat va gan dung doi vai cao su: 

A (t * 0,5P max .s (5.3) 

- Doi vai giam chan thuy lire vai khe ha dau thay doi (hinh 5.3b): 

Aj * P max -s (5.4) 

Trong do: P max - luc lan nhat tac dung lOn 
b6 phan dan h6i cua giam chan khi va cham. 


Thay A d tCr (5.3), (5.4) vao (5.1) hoSc (5.2) 
ta co thi xac dinh du-gc P max , s. Gia tri P max 
dugc dung de tinh toan kich thuac va kiem 
tra b£n ddi vai giam chan. 

c) Thiet bi gitii ban chuyert dong quay 

Ddi vai cac loai may xay dung co chuyen 
d6ng quay quanh true thdng dung, tuy theo 
loai may, c6ng dung va d&c tinh kl thuat ma 
no quay toan vong hay chi quay dirge mot 
goc nao do. Trong truang hgp kh6ng quay 
toan vong, can phai trang bi thiet bj giai han 
goc quay (hinh 5.4). C6ng tdc hanh trinh 4 
dugc lap trOn phan quay 3, hai cam ti 2 gdn 
c6 dinh trfin phdn kh6ng quay 1 tai cac vj tri 
giai han goc quay theo dung thiOt ke. Khi 
may quay den mot trong hai vi tri giai han 
thi cam ti 2 tac d6ng vao c6ng tdc hanh trinh 
4 de dirng ca cau quay. 

Thiet bi giai han goc nghiOng can (hinh 
5.5) dugc trang bi cho cac may co tay can nhu 
can true kieu can, may dao, may khoan... co 
thay doi tarn vai (goc nghieng can). Cac c6ng 
tdc hanh trinh 1 dugc gdn c6' dinh tren tai bdt 



Hinh 5.4: Thiet hi giai han goc quay 



Hinh 5.5: Thiet hi giai han 
goc nghiing edn 
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chdt chan c&n 4 (phan khdng quay) tai cac vi tri gidi han goc nghieng can. Cam ti 2 
dirac lap trdn chan can 3 va quay cung c£n quanh chdt chan can. Khi can dat tdi goc 
nghieng nho nhdt hoSc ldn nhat (Lrng vdi tarn vdi Idn nha't hoSc nho nhat), cam ti 2 se 
tac dong ldn cong tSc hanh trinh 1 de dirng co cau nang can. 

Ddi vdi may co tay c&n dircrc neo bang he thdng palang cap, khi can co goc nghieng 
Idn nhat, dirdi tac dung cua lire quan tinh va lye gio, can co the bi lat ve phia sail. Vi 
vay phai trang bi co cSu chong lat can de giCr can on dinh d vi tri lam viec. Co cau 
chdng lat can kie’u thanh chdng cirng dircrc sir dung phd bie'n nhat va thirdng co hai loai: 

- Thanh chdng cirng dng long (hinh 5.6) gom cac doan thanh chdng 2 va 5 long vao 
nhau, hai dau cua thanh chdng lien ke't khdp vdi cian va ban quay. Khi goc nghieng c4n 
thay ddi thi chi^u dai thanh chdng thay doi va khi can co goc nghieng Idn nhat thi cac 
dng 2 va 5 long het vao nhau, thanh chdng co chieu dai nho nhdt va khdng cho can lat 
ve phia sau. 

- Thanh chdng cirng co mdt dau lien ket cirng vdi ban quay con dau kia ty do tao 
thanh u ti cirng. Khi can co goc nghieng ldn nhat, no se ti len dau tu do cua thanh chdng 
va khdng bi lat. Do toe dd quay cua can quanh chdt chan can rat nho ndn khi ti no 
khdng gay va dap va khdng can phai co giam chan. 

Ngoai ra, mot so may co tay can con dung loai co ca'u chdng lat can kidu cap neo 
chiu keo. 



Hinh 5.6: Co cdu chong l$t edn kii'u thanh chdng dng Idng. 
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5.1.2. Thibt bi gidi han tai trong 

Khdp gidi han mOmen la loai thiet bi gidi han tai trong kieu ca khi dirge dung pho 
bien trong bo truyen cua cac ca cau may xay dung de dam bao an loan cho ca cau va 
chbng qua tai cho dong ca. Theo nguyen li lam vi6c, khdp gidi han momen thudng co 
hai loai: 

- Khdp gidi han momen kieu chot: momen xodn dugc truyen qua khdp nhd cac chot 
lien kbt hai nua khdp. Cac chot dirge tinh toan sao cho khi momen tai trong vugt qua 
gidi han cho phep thi chot se hong de dam bao an toan. Khdp gidi han momen kieu 
chot dirge gidi thieu trong giao trinh chi tiet may. 

- Khdp gidi han momen kieu ma sat: momen xodn dugc truyen qua khdp nhd ma 

sat. Khi momen tai trong vugt qua gidi han cho phep, cac be mat ma sat s£ bi trugt 

tuong doi vdi nhau. Cau tao cua khdp gidi han momen kieu ma sat rat da dang tuy theo 

loai may, loai bo truyen va dugc gidi thieu trong giao trinh chi tiet may va cac tai lieu 

chuyen nganh khac. Vi du ve khdp gidi han momen dung trong bo truyen true vit - 

banh vit cua ca cau quay cho d hinh 5.7. True vit 7 nhan chuyen dong quay tir dong 

ca cua ca cau va truyen cho vanh 

rang cua banh vit 6 lap cung vdi 

banh ma sat 5. Banh ma sat ngoai 5 

lap I6ng khong tren true 8 con banh 

ma sat trong 4 lap vdi true 8 bang 

then hoa. Be mat tiep xuc giua banh 

4 va 5 co hinh con va tao nen luc ma 

sat giua chung de truyen momen 

xoan nhd luc nen ciia Id xo 3. Nhu 

vay, momen xoan dugc truyen tir 

true vit sang true thang dung 8 den 

banh rang con 9 de dan ddng vanh 

rang cua ca cau quay la nhd lire ma 

sat giua cac be mat tiep xuc hinh con 

cua banh 4 va 5. Dieu chinh momen 

xodn bang each dieu chinh luc nen 

cua 16 xo 3 nhd dai be 1 va vong dem 

2. Nbu trong qua trinh lam vi$c, 

momen tai trong vugt qua gia tri cho 

phep (do ket thiet bi tua quay, do 

phan quay bi vudng vat can, do quan 

tinh cua phan quay qua ldn...) thi be 

mat ma sat giua banh 4 va 5 se bi 

truat de dam bao an toan cho ca cau . .... . ... ^ 

Hinh 5.7: Kturp gi<ri nan momen trong bo truyen 

va tranh qua tai cho dong ca. [n(C Vlt _ V i7 cua co coiu quay. 
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Thib't bi gidi han tai trong nang va gidi han mbmen t&i trong thuang dupe trang bi 
cho cac loai may nang de phong ngua qua tai kha nang mat on dinh cua may. 

Thiet bi giai han tai trpng nang dupe trang bi cho cac loai may nang co mbt gia tri 
tai trpng nang danh nghla va lam vibe theo nguybn li tac dung tir dong ca - dibn: No 
tu dong ngat dirng dong ca cua ca ca'u nang khi tai trpng trbn moc treo vupt qua gia 
tri cho phep. Thiet bi giai han tai trpng nang co cau tao rat da dang va thuang co hai 
phan: datric (dau do) lire va bo phan ngat m^ch. Tuy theo loai datric ma ta co thib't bi 
gidi han tai trpng kieu 16 xo, true xo^n, thuy luc hoic di^n, trong do loai true xo^n va 
dibn cho d6 chinh xac cao. Tren hinh 5.8 la phuong an lap dat thiet bi gidi han tai trpng 
kieu true xoan tren cau true. Thibet bi g6m true xoan 2 co mpt dau libn kb't cung vdi u 
cb djnh 3 trbn kb't ebu thep cua may con dau kia tu do va lap vdi tay don 4 bang then 
hoa. Treo trbn tay d6n 4 la puli can bang 5 cua palang nang vat. Khi nang vat, luc cang 
cap trbn puli 5 gay mbmen xoan true 2 va goc xoan true ti lb thuan vdi tai trpng nang. 
Tai dau true xoan 2 lap thb' dien ke l va goc xoan true lam cho dien trd cua thb' dien 
ke ti lb thuan vdi tai trpng nang. Khi tai trpng nang vupt qua gia tri cho phep, mach 
di6u khien ngat lam ca cau ngung hoat dong db’ dam bao an toan. 

Dbi vdi cac loai can true co tay can va tai trpng nang thay dbi theo tarn vdi thi cin 
phai trang bi thiet bi gidi han momen tai trpng (tich sb giua tai trpng nang va tarn vdi) 
va dupe cai dat cho phu hpp vdi dudng d$c tinh, tai trpng ung vdi hb thbng kb't cau 
thep lap trbn can true. Thiet bi sb tu d6ng ngat dong ca cua tdi nang khi tai trpng vupt 
qua gia tri cho phep ung vdi tarn vdi cho trude. 



Hinh 5.8: Thiet bi gim han tdi trpng ndng kieu true xodn 
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Thid't bi gidi han mdmen tai trong g6m: bd cam bid'n lire; bd c&m bid'n goc nghidng 
can; cum rale dieu khien; bang dieu khien va tin hidu; ngu6n dien. Nguydn tac lam 
vide cua thid't bi la so sanh tin hidu di£n cua bO cam bien lire (tirang ung vdi tki trong 
thuc te' tren moc treo) vai tin hidu dien cua bo cam bien goc nghieng can (tirang ung 
vdi tai trong cho phep a tam vai cho trirdc theo dudng dac tinh tai trong da cai dat). 

BO cam bid'n lire (hinh 5.9a) la mdt lire ke' vai vong kim loai dan h6i 3 lap vdi moc 
keo 2 neo vao cap 1 cua hd thOng cap neo can. Dudi tac dung cua tai trgng nang, cap 
1 co dO cang, qua moc keo 2 lam vong 3 bid'n dang. DO bien dang cua vong 3 ti le vdi 
tai trong nang va dugc chuydn d6i thanh tin hidu dien tirang ung. 

Bo cam bien goc nghidng can (hinh 5.9b) la mdt thd' dien kd' chuyen ddi goc nghidng 
cua can thanh tin hidu dien tirang ung. Theo dudng dac tinh tai trong, ung vdi m6i goc 
nghidng c&n (tam vdi) sd xac dinh dugc gia tri tai trong cho phep. Bd cam bid'n goc 
nghieng can 4 dugc lap tai chOt chan can 7 (phan cd dinh) va xac dinh goc nghidng can 
nhd tay don 5 cd lien he vdi chan c&n 6 (phan quay). Bd cam bien lire va cam bien goc 
nghidng c&n dugc mac vao mach dieu khien nhd phich cam. 



a) b) 

Hinh 5.9: Thiit bi gi&i han mdmen tai trong 
a) Bo cam biin luc; b) Bd cam biin goc nghiing cdn. 


Cum rale dieu khien dung d£ so sanh tin hieu dien cua bd cam bien luc vdi tin hidu 
dien cua bd cam bid'n goc nghidng can dd phat lenh dd'n bang dieu khidn va tin hidu, 
dd'n tdi nang. Cum rale dieu khien gom: 

- Cum the dien kd' dd’ cai dat thiet bi xac djnh tai trong nang cho phep tuy theo goc 
nghidng din theo dudng dac tinh t&i trong cho trude. 


231 






- Bo phan so sanh tin hieu dien chuyen den tir bo cam bien luc va cam bie'n goc de 
tac dong len rale lire. 

- Rale lu-c de dong ngfit mach dieu khien cua ca c£u edng tac (tdi nang). 

Bing dieu khien va tin hieu bao gdm cac cong tac, cac den tin hieu, coi, bang hien 
thi sd' de theo ddi muc dd gia tai, tin hieu ve trang thai lam viec cua may. 

Nguon dien cung cap cho thiet bi hoat dOng thudng la dien mot chi6u co dien ap 
thap 12 - 24V. Co the’ dung dien dequy ho&c dung bien the va bo ndn dong. 

Khi tai trong d dudi muc cho phep thi den mau xanh luon sang bao hieu can true d 
trang thai lam viec an toan. Khi gia tri tai thirc te dat 5% dudi gia tri cho phep thi tin 
hieu &m thanh keu bao hieu can true dang d gidi han nguy hi^m. Khi t&i thurc te dat gia 
tri cho phep thi den do bat sang, can true tu ddng dung lam viec va moi tac ddng di6u 
khien theo xu hudng tang momen tai deu khong co tac dung va can true chi hoat ddng 
theo xu hudng giam mdmen tai trong (hudng an toan). 

D6i vdi loai can true thuy lire co can hop ong ldng, tai trong nang phu thuoc vao 
goc nghieng can va chieu dai can nen ngoai cac bo phan da neu d trgn, thiet bi gidi 
han momen tai trong con co them bq cam bien chieu dai can. Tin hieu dien ve tai trong 
cho phep theo dudng dSc tinh tai trong duqc cung c&'p bdi cac b6 cam bien goc nghieng 
va chieu dai can. Sa do nguyen If cua thiet bi gidi han momen tai trong cua can true 
thuy lire vdi can hop ong long cho a hinh 5.10. Thiet bi gom cum rale dieu khien 1; 
bo cam bien lire 2, 3; bo cam bien goc 4, 5, 6; bd cam bie'n chieu dai can 7 va bang 
dieu khien, tin hieu 8. Tin hieu tai thirc te tren moc treo duqc cung cap bdi bo cam bien 
lire 2, 3 con tin hieu tai cho 
phep theo dudng dac tinh tai 
trong tuy theo goc nghieng va 
chieu dai can duqc cung cap bdi 
cac bo cam bien 4, 5, 6, 7. Tin 
hieu tai cho phep va tai thuc te' 
tir cac bo cam bie'n duqc dua 
de'n cum rale dieu khien 1 va 
hien thi tren bang dieu khien, 
tin hieu 8 de ngudi lai theo doi 
va xu If. Trong trudng hqp tai 
thirc te' vuqt gia tri cho phep thi 
thie't bi se tu ddng ngdt dung ca 
cau cung cac tin hieu am thanh, 
anh sang va cho phep dieu 
khien can true theo hudng giam 
mbmen tai trong de dua can 
true ve trang thai lam viec 
binh thudng. 



Hinh 5.10: So do nguyen li cua thie't bi gidi han m&men 
tai trong tren edn true thuy lire voi edn hop ong Idng. 
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Db'i vdi can true thuy lire, bo cam bibn lire co the thay the bang bo cam bibn ap suat 
dau thuy lire de nhan biet tai trong thuc tb tren moc treo. Bo cam bien ap suat co cau 
tao tuang tur nhu mot xilanh thuy lire va dugc mac vao mach thuy lire cua can true 
(thudng dupe mlc vao xilanh nang ha can). Dudi tac dung cua tai trong nang, ap luc 
dau trong he ti le vdi trong lugng vat nang va bo cam bien ap suat sd chuyen doi gia 
tri ap lire dau (ung vdi tai trong thuc te) thanh tin hieu cua dong dien tuong ung va dua 
tin hieu tdi bo xu li chinh cua thiet bi gidi han momen tai. 

Thiet bi gidi han momen tai trong hien dai vdi hien thi so cung c 6 nguyen li lam 
viec da neu d tren song co mdt so diem khac biet sau: 

- Thay cho cum rale dieu khien la bo vi xu li chinh gom nhung mang vi mach dien 
tu dugc cai d&t sin chuang trinh dieu khien theo cac dudng die tinh tai trong cho trude 
de tibp nhan, luu tru trong bo nhd nhung tin hieu tu cac bo cam bien va phan tich, xu 
li cac tin hieu nay de phat lenh den cong tic hanh trinh dong nglt ca cau va tin hieu 
den ban dieu khibn. 

- Ban dieu khien dugc thuc hien vdi hi6n thi sb, den tin hieu va am thanh co day du 
cac thong tin han, tibn lgi han de phan anh day du trang thai lam viec cua can true va 
canh bao cho ngudi lai biet khi can true dang tibn dan tdi trang thai nguy hiem trong 
qua trinh thuc hi6n cac lenh dieu khien. Ngoai viec dam bao cho qua trinh di£u khien 
dugc an toan, tien lgi va chinh xac, tren bang dieu khibn con co cac thiet bi chi bao 
xac dinh nguyen nhan su co hoac cac 16i db co thb nhanh chong khlc phuc. 

Tren hinh 5.11 mo ta nguyen li lam viec cua thiet bi gidi han momen tai trong AML 
tren can true thuy luc banh lop vdi can hop ong long TADANO co day du cac chuc 
ning cua mot thiet bi an loan hien dai da neu trgn. 

Can true thuy luc banh lop vdi can hop ong lbng cua hang KATO (Nhat Ban) dugc 
trang bi bo dung cau tu dOng ACS rat hien dai, khdng nhung co chuc nang gidi han 
momen tai trong tuy theo trang thai lam viec ma con co cac chuc nang gidi han chieu 
cao nang, gidi han goc quay can true va trang thai chan chbng v.v... Ngoai cac bo cam 
bien ap suat, bC cam bien goc nghieng can va chieu dai can nhu cac thiet bj gidi han 
momen tai trong khac, bo ACS con bao gom cac bo cam bibn goc quay can true, bb 
cam bien chieu cao nang vat, kich thude v.v... Bo vi xu li chinh va bang dibu khibn 
tin hibu rat hien dai, dam bao an toan cho can true va tien lgi cho ngudi lai. Tren hinh 
5.12 la sa dd bo tri thiet bi cua bd ACS trdn can true thuy luc banh lbp vdi cln hdp 
ong long KATO. 

Sa do nguyen li hoat ddng cua bd ACS dugc mb ta tren hinh 5.13. Tai trong thuc tb 
(xac dinh tu tin hieu cua do cam bibn ap suat) dugc so sanh vdi gia tri cho phep (dugc 
luu gitf trong bd nhd tuy theo tin hidu tu cac bp cam bibn xac dinh trang thai can true 
nhu goc nghidng cln, chibu dai can, goc quay...). Neu ket qua so sanh nlm trong pham 
vi an toan thi den mau xanh sang, neu gia tri tai thuc tb gan tdi pham vi canh bao thi 
den vang sang va phat ra am thanh. Neu gia tri tli thuc tb rat gin vdi gia tri cho phep 
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theo during d&c tfnh t£i (ttrc la dang di v^o pham vi nguy hig’m) thl dgn do s£ng v& b6 
ACS tac d0ng l^m dung tat ck cac chuy^n dOng l&m tang mdmen tai. Ngiroi lai c£n dua 
c£n true tra lai trang thai an toan, bO ACS sg chi chap nhan cac chuy^n d0ng trong 
hoac \t phia an toan (phia giam m6men tai). 


fiochiiSt dot (ay cdh £kt gdc oah cfonh & irony lot 



Hinh 5.11: So dd nguy#n li cua bd AML trin edn true thiiy lire 
bdnh I6p v&i edn h$p 6ng Idng TADANO (Nhdt Ban) 
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Hinh 5.12: So dd bd' tri tkil't 
bi cua bd -4CS trin cdn true 
tliuy lire KATO (Nhfit Ban) 



T/h hiiu dffu hx> 



BSym/ttniw can cN/ti Nary/fa Ndry/to oZnefah Nang/to cdh abM 


Hinh 5.13: So dd nguyin U cua bd ACS trin KATO 
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5.1.3. Thiet bi chi bao va tin hieu 


Nhir da trinh bay d tren, cac may xay dung hi£n dai dirge trang bi kem theo cac thiet 
bi an toan la cac thi£t bi chi bao d6ng bd vdi hi£n thj s6 v6 tai trong, tam vdi, momen 
tai trong... Tuy nhien, cac thiet bi chi bao don gian kieu co khi, co dien van dirge sir 
dung tuy theo loai may vi'chung lam vide tin cay, re tien. 


Thiet bj chi bao tai trong nang 
(hinh 5.14) dung cho can true co 
thay d6i tam voi bang each thay d6’i 
goc nghieng can. Thiet bi cho phep 
ngudi di^u khien xac djnh dd dang 
tai trong cho phep ma can true co the 
nang d tam vdi cho trirdc. Kim 2 lien 
ket vdi c&n 4 qua true 1, dau kim chi 
len bang chia cac mire tai cho phep 
gan tren can tuy theo tam vdi. Do co 
lien ket khdp vdi can nen kim 2 luon 
d vj tri thang dirng dirdi tac dung cua 
trong lugng kim va khong phu thuoc 
vao goc nghieng can. Dau kim chi 
ldn bang chia rmre tai cho phep d tam 
vdi cho trirdc. 




Hinh 5.14: Thiet hi chi bao tai trong nang 


Thiet bi chi bao do nghieng cua may dugc dung cho nhimg loai may di chuycn dOc 
lap, lam viec ngoai trdi nhir can true to hanh, may dao mot gau, may dong coc... Thiet 
bi ludn bao dO nghieng cua may so vdi phirong ngang de ngirdi dieu khid’n co the theo 
doi va dieu chinh kip thdi dam bao dp on dinh va do nghieng cho phep cua may khi 
lam viec. 

Thiet bi chi bao do nghieng cua may dang chat long (hinh 5.15).la mdt nivo gom vo 
3, nap 1 lam bang thuy tinh co bang chia do nghidng 5 (cac vong trdn chi dp nghieng 



Hinh 5.15: Thiit bi chi bao do nghieng dang chd't long 
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tu 1 de'n 6). Khi lap dat can di6u chinh cho bot khdng khi trong d'ng 2 dung chat long 
4 nam chinh gi&a bang chia. Thiet b| thudng dugc gin tren ban di6u khi^n d£ theo ddi 
va dd'i vdi m0t sO may lom co chan chong dieu chinh d0 thang bang thi nd dirge gan d 
ngay cac diem dieu khien chan chong de dieu chinh d0 nghieng may. 

Thiet bi chi bao d0 nghieng cua may dieu khi^n dien g6m b0 c^m bie'n goc nghieng, 
bang tin hieu va role. Trdn nap cua b0 cam bie'n goc nghieng co cac vong tron chi dd 
nghieng cua may va chi bao hirorng nghieng can di£u chinh. Bang den tin hi6u dirge l£p 
tai cabin hoac diem dieu khien chan chong. Khi dd nghieng cua may vugt qua giori h$n 
cho phep thi den hieu bat sang va role bat tin hieu am thanh dong thdi co the ngat co 
cau edng tac de dung may. 

Thiet bi do gio dugc trang bi cho nhung may lam viec ngoai trdi, co khudn khd kich 
thude va dien tich chan gio 1dm de do toe d0 gio va chi bao tren bang tin hieu de theo 
ddi va dung may kip thdi khi co gio to. 

Thiet bi do gio (hinh 5.16) dugc lap dat d tren cao (cd dinh vao ke't cau thep cua 

may) gom b0 cam bie'n td'c d0 2 cd lap cac canh quat 1. Ap lire gio lam canh quat 1 

quay cung roto. Td'c d0 quay ti 16 vdi t0c do gio va dugc chuydn ddi thanh tin hieu 
dien. Do thiet b| do gio cd de lap bang chbt xoay vai ke't 
cau thep 4 cua may va dudi dd" 3 cd vat nang can bang vdi 
canh quat ma thiet bi do gio ludn d vi tri thang dung khong 
phu thu0c vao vi tri phan ket cau thep gan thie't bi. 

Khi td'c d0 gio dat gan tdi gia tri cho phep thi tin hieu 
am thanh k6u len bao hieu dang d g&n gidi han nguy hiem. 

Khi td'c d0 gio vugt qua gidi han cho phep va thdi gian gio 
thoi keo dai thi den dd bat sang va may tu d0ng dung lam 
viec. Ddi vdi may di chuyen tr6n ray thi khi thie't bi do gio 
tac dong dirng may dong thdi dong thiet bi kep ray dd’ giu 
cho may khong bi trdi dudi tac dung cua gio to. 

Ngoai tin hieu am thanh (chudng, edi) va tin hieu anh 
sang (cac den hieu), tr6n m0t so' may xay dung con co the’ 
co tin hieu dien the' nguy hiem: tu d0ng phat tin hieu am 
thanh khi phan ket cau thep cua may d gan dudng dan dien. 

Thiet bi nay gdm m0t angten lap tren ke't cau thep cua may, 
bo khuech dai tin hieu di6n, tin hieu am thanh, den bao. 

5.1.4. Thiet bi kep ray 

Thie't bi kep ray dugc trang bi cho nhung may di chuyen tr6n ray va lam viec ngoai 
trdi dd giu may khdng bi trugt tr6n ray dd'c dudi tac dung cua tai trong gio trong trang 
thai khdng lam viec. Thiet bi k$p ray dugc chia thanh ba loai: dan dong bang tay, ban 
tu ddng va tu d0ng. 
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Hinh 5.16: Thie't bi do gio 
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Loai dan d0ng bang tay c6 cau tao dcm gian, lam viec tin cay nhimg ddi hoi thai 
gian thao tac de’ kep ray ldn. Loai ban tir d0ng dirge trang bi ca cau dan d0ng thiet bi 
kep ray vh dieu khi£n tir cabin cua may. 

Hien nay ngirori ta hay dung thiet bi kep ray tir dOng lam viec theo nguyen li tac dung 
tg dong cc - dien ket hgp vai thiet bi do gio (nhir da m6 ta khi giai thieu v0 thiet bi 
do gio d muc tren). Nhtfng may dung thiet bi kep ray tg dgng thirong dgge trang bi 
them thiet bi kep ray dan ddng tay d£ de phong truang hgp thiet bi tg dgng hong hoac 
mat dien. 

Thie't bi kep ray dan dOng tay thOng dung nhat la ki^u ma kep (hinh 5.17a). Khi quay 
tay quay 1 de dan d0ng truy^n d0ng vit 2 - dai 6c 3, he thong tay don va ma kep di 
xudng cho de'n khi thanh lien ke't 6 cham vao ray thi cac tay don 4 bit dau ep ma kep 
5 de kep chat lay ray. Truyen 
d0ng vit - dai 6'c phai dam bao 
di0u kien tg ham de de phong 
vit tg xoay lam hong cac 
ma kep. 

Thiet bi kep ray tg d0ng co 
ca'u tao rat da dang. Hinh 5.17b 
la mot ki^u thiet bi kep ray tg 
d6ng. Cac ma kep 4 kep chat 
vao ray nha vat nang hinh nem 
1 dirge tha xu0ng giua cac con 
lan 2 de day dau tren cua tay 
don sang hai ben va dau dirai 
kep chat vao ray. Vat nang 
hinh nem 1 dirge treo bang cap 
va nang ha nha ca cau dan 
d0ng thiet bi. Khi keo vat nang 
len, cac ma kep dirge ma ra 
nha 16 xo 3. 

Thiet bj kep ray phai tao dirge Igc gift P k sao cho dirai tac dung cua Igc gio lan nha't 
trong trang thai khdng lam viec th6i doc theo ray, may kh6ng bi truat: 

p _ pH i __ p _ p 

r k ” r g r ms r ph * 

hay: P k = Pi" - G.o) - ; (5.5) 

D 

dong thai phai dam bao dieu kien bam cua banh xe tren ray: 

G b .o) + < G„.(p ; (5.6) 

D 




Hinh 5.17: Thiet hi kep ray 
a) Loai dtin dong tay; h) Loai tu dong. 
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Trong do: 

P| T n - lire gio lan nhat trong trang thai khong lam viec tac dOng len may doc theo ray; 
G - trong lirgng may khdng tai; 

G b - trong lirgng bam (phan trong lirgng may de len cac banh xe chu dong); 

03 - he s 6 can chuy^n dong quy v6 b& mat lan cua banh xe di chuy£n; 

(p - he s0 bam giira banh xe va ray; 

M ph - mdmen phanh cua ca can di chuy^n quy vc true banh xe; 

D - dirdng ki'nh mat lan cua banh xe; 

Pins« Pph " ld c can do ma sat va lire phanh quy v£ banh xe di chuyen. 

De tao dirge lire gifr P k , lire nen cua ma kep len ray la: 

N = k.Ji-; (5.7) 

2i.f b 

Trong do: 

k - he s6 an toan; 

i - so thiet bi kep ray tren may; 

f b - he s0' bam gitta ma kep va ray, lAy tuy thuQc vao vat lieu va dd cirng be mat. 

can liru y rang khi be mat ma kep bi mon, he so bam co the bi giam xudng m0t nira. 
De giam dd mon cua ma kep, ngirdi ta tinh toan giam ap lire cua ma kep len ray bang 
each tang dien tich be mat tie'p xuc. 

Dd'i vdi thiet bi kep ray dAn d0ng tay, mdmen quay vit edn thiet de’ tao ra lire nen 
ma kep N la: 

M = N. — . + P) ; (5 .8) 

n tg Po 

Trong do: 

d - dirdng kinh trung binh cua ren vit; 

a - goc nang ren vit. De dam bao tir ham thi goc nAng a > p; 
p - goc ma sat, lay tuy thude vao vat lieu lam dai 6c: dong p = 4-7-6°, thep p = 8+9°; 
q - hieu suat, q = 0.92-r0,94; 

p 0 - goc nghieng cua tay don 4 so vdi phirang thring dung (hinh 5.17a), p () = 65-4-70°; 
a, b - cac canh tay don tren ma kep (hinh 5.17a). 

Trong lirang vat nang hinh nem cua thiet bi kep ray Ur dpng dirge xac dinh theo 
edng thirc: 
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G = ^.tg(p + p ) ; 
b.T] 


(5.9) 


Trong do: 

3 - goc nghieng mat ben so vdi phuong thing dung cua vat nang hinh nem, 3 = 4-^8° ; 

p’ - goc ma sat quy ddi tinh theo he sd can cua con lSn 2 (hinh 5.17b), ddi vdi con 
lan dung 6 bi p’ = 1°10’, 6 trupt p’ = 3°; 

r\ - hiau suat tay don, lay nhu tr6n. 

§5.2. HE THONG DIEU KHIEN TREN MAY XAY DUNG 

He thdng di6u khidn dung dd dieu khidn qua trinh lam viec cua may. No co anh 
hudng ldn tdi chat lupng va nang suat cong tac, do vay khi thidt ke, can phai thoa man 
cac ydu cau sau: 

- He thdng phai nhe nhang, hop vdi sue khde cua ngudi binh thudng. Lire dieu khien 
cua tay khong qua 30 -s- 40N, hanh trinh khdng ldn hon 0,25m, goc quay khdng qua 35°. 
Luc didu khidn cua chan khdng qua 80N, hanh trinh khdng qua 0,2m va goc quay khdng 
vupt qua 30°. 

- Cudng dd di6u khien phai binh thudng. Sd lan dieu khien d cac may cd nho trong 
mdt chu ki d di£u kien lam viec binh thudng la 12 lan, mdi gid khdng qua 2500 lan. 

- Di£u khiln phai dm, dam bao do nhay can thidt, thdi gian dieu khidn vao khoang 
0,25 -s- 0,3s ddi vdi may cd nho, tCr 0,3 + 0.4s vdi may cd vua, tur 1 + 2s vdi may cd ldn. 

- An toan v£ ben, d£ dieu chinh, sua chtfa, don gian, thuan ti&n trong thao tac. Sd 
can, ban dap sao cho it nhat va dupe bd tri gan nhat ve phia phai ngudi lai. Gha ngoi 
phai 6m, cd th£ dieu chinh de phu hop vdi kho ngudi lai va da quan sat hidn trudng 
thi cbng. 

- Dd tin cay cua he thdng cao. Dam bao cho may lam viec trong mdi trudng nhiet 
dd tCr 0 -r 50°C, mdi trudng khi hau am udt, bui ban v.v... 

He thdng didu khien tren may xay dung rat khac nhau, cau tao va nguyen tac lam 
viec cua no phu thude vao dd phuc tap cua may va cong dung cua he thdng. 

Theo cau tao va phuong phap truydn nang lirpng, ha thdng dieu khien chia ra hai loai: 

- H6 thdng didu khidn true tiep; 

- Ha thdng didu khidn cd co cau khudeh dai kidu co khi, thuy lire, dien, khi nen. 

Theo phuong phap dieu khien cd he thdng dieu khien thdng thudng va he thdng dieu 
khien tu dong. 

Theo loai truyen ddng trong co ca'u dieu khien chia ra: 

- He thdng dieu khien kieu lay don; 

- He thdng dieu khien thuy luc; 
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- He thdng di£u khie'n khf nen; 

- He thdng di£u khien dien; 

- He thong dieu khien hdn hqrp. 


5.2.1. He thong dieu khien kieu tay don 


Ca cau dieu khie’n kieu tay don thudng su dung tay gat hoac ban dap, thOng qua he 
thdng cac khau khdp nhu tay don, thanh keo. khdp ban \6 v.v... de’ truydn lgrc 16n bo 
phan chap hanh cua co cau cong tac can dieu khien. Doi vdi mot may g6m nhi&u ca 
cau cong tac hoat dong doc lap ho&c phu thuOc nhau se duac dieu khien bdi cac ca c£u 
dieu khien khac nhau. Tap hap cac ca cau dieu khien nay goi la he thdng di6u khi£n 
tren may. 


Hinh 5.18a md ta sa do cau tao cua ca cau dieu khie’n de dong md khdp ndi. Tay 
gat 1 xoay duac tren true 2. Khi keo tay gat theo hudng mui ten, no se keo thanh 3, 
l&m quay don 4 va true 5. Do true 5 quay nen tay don 6 cung quay theo, keo thanh keo 
7 va lam tay don 8 cung true 9 quay. Ket qua la tay gat 10 quay theo chi£u mOi ten de 
dong khdp nbi. Lo xo 12 co tac dung dua he thong ve vi tri ban dau sau khi md ham 



Hinh 5.18: Sa do cau tao ca can dieu khitfn kieu tay don 
a) Diiu khii'n dong mo khop nd'i nho edn gat; h) Diiu khidn dong mo phanh dai nho ban dap. 
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Hinh 5.18b la so do cau tao co cau dieu khie'n kieu tay don da dong md phanh dai. 
Ban dap 1 quay dirge quanh true 2. Khi dap 16n ban dap, thanh keo 3 dich chuyen lam 
quay tay don 4 va true 5, d&n den quay don 6, keo thanh 7, lam cho don 8 quay va do 
do dai phanh 10 dirge keo, xiet dai phanh vao banh phanh. 

Lo xo 11 dua h6 thdng ve vj tri ban dau sau khi ngudi di£u khien rdi chan khoi 
ban dap. 

Cac thong sd l&m viec cua eg cau dieu khien la do dich chuyen u cua chi tiet cOng 
tac cua khdp no) hay phanh va luc q can thiet de dong hay md no. C6ng tac dOng lSn 
chi tiet cong tac A u = q.u sS can bang vdi cong dat len can gat hay ban dap A y = p.y 
(vdi p la luc dat len tay gat hay ban dap va y la dich chuyen cua no). 

Neu "q la hieu suat cua co cau, thi ti so truyen can thidt: 

i > __IL_ > 

Pifyp u 

Trong do: 

rj^p - hieu suat luc; 

p y/u - hieu suat dich chuyen. 

Gia tri rj q/p = 0,98 n vdi n la so khdp ban le. Gia tri q y/u ke den bien dang cua cac chi 
tiet truyen va khe hd trong cac khdp. Co the lay gan dung p y/u = 0,98". 

He thong dieu khien ki£u tay don co cau tao don gian, re ti£n song do co qua nhieu 
khau khdp ban le nen do nhay kem; luc di£u khien ldn, hieu suat thap; thudng xuyen 
phai dieu chinh de dam bao hanh trinh tinh toan cua tay gat ho&c ban dap dieu khien. 
He thdng dieu khien loai nay chi dugc dung d tr£n cac may co edng suat nho ho&c dung 
de dieu khien cac co cau phu. 

5.2.2. He thong dieu khien thuy lire 

He thong dieu khien thuy luc dugc dung rOng rai tren cac may xay dung nhd co ket 
cau nhd gon, co kha nang truyen luc di xa. Luc tac dong len tay dieu khidn, ban dap 
va hanh trinh cua chung nhd hon nhieu so vdi he thdng dieu khien kilu tay don. 

Co nhi^u each phan loai he thdng di6u khien thuy luc. 

Theo nguyOn li tac dOng chia h6 thdng dieu khien thuy luc ra hai loai: he thdng di6u 
khidn thuy luc khong berm va hp thdng didu khidn thuy luc co born. 

Theo tinh chat tuan hoan cua chat long trong he thdng co hd thdng dieu khien theo 
mach hd va ha thdng didu khien theo mach kin (hinh 2.18). 

Theo phuong phap tac dong I6n he co he thdng dieu khien ban tu dong va he dieu 
khia’n tu dong. 

a) He thong dieu khien thuy luc khdng bom 

So dd he thdng dieu khidn thuy luc khong bom tren hinh 5.19 dung de dieu khien 
phanh dai. Ap luc dau trong dudng ong dugc tao ra trong xilanh tao ap 7 nhd sir dich 
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Hinh 5.19: So dd he thong dieu khii’n thiiy luc khdng bom 
1. Binh ddu; 2. Ban dap; 3. Van kirn; 4, 5, 6. Ld xo; 7. Xilanh tao ap; 8. Thanh dd’y kii'u 
con Idn; 9. True quay cua ban dpp va cam 12; 10. Xilanh edng tac: 11. Dai phanh; 12. Cam. 


chuyen cua pittdng khi dap biin dap 2. Ddu co dp trong duang Ong truydn lire tdi xilanh 
cOng tac 10 lam pittOng cua no dich chuyen, keo edng dai phanh 11. 

Cac 16 xo 4, 5 va 6 co tac dung dira he thong (pittdng 7, ban dap 12 va pittdng 10) 
tra ve vi tri ban dau khi dung tac d6ng len ban dap 2. 

Ap luc ddu trong xilanh c6ng tac se la: 


P = 


4P|.i.r|| 

rcD 2 


Trong do: 

P, - lire tac d6ng Idn bdn dap; 
i - ti so truydn h£ tay don; 

D - duang klnh xilanh tao ap luc; 
r|! - hiSu suat cua tay don va xilanh. 
Hanh trinh cua ban dap se la: 


S = 


D;.S C . 

■l 

D 2 .ri 0 


+ 


5 0 .i 


Trong do: 

D c , S c - duang kinh cua xilanh edng tac va hanh trinh pittdng; 

T| 0 - hieu sudt thd tich; 

5 0 = 0,15 + 0,25 - khe ha gitra thanh day 8 va can pittdng cua xilanh tao ap 7. 
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N6u lay hanh trinh cua pittong trong xilanh tao ap la (0,8 - 5 - 1,0)D thi: 

D = l/ . . . — 

V 0,8 - 1,0 ti 

Trong do: 

T| - higu suat ke den sir nen cua dau va su dan no cua during Ong, phu thuoc vao 
mridun nen the ti'ch cua dau cong tac va m6dun dan hoi cua vat lieu lam Ong. Tri so 
Tj kh6ng nho han 0,85. 

He thOng diOu khien thuy luc khong berm co cau tao don gi&n, do tin cay cao, nhay 
nhung d6 chinh xac khong cao vi phu thuoc vao ngurii diOu khien. 

Co the tham khao he thong dieu khien thuy luc khring bam cho a hinh 4.32 dung de 
dieu khien ca cau di chuyen banh hai khi quay vong. 

b) He thong dieu khien thuy luc co bom 

O he thOng dieu khien thuy lye co bom, ap lire dau dugc tao ra nhri bam thuy lire 
dirge ddn d0ng may. Ngurii lai may sS dieu khien van phan phC»i thring qua tay don hay 
cac nam cham dien tCr de dura dau den cac xilanh cring tac. Cac xilanh cring tac co thd 
tac dong m0t chi6u hoac hai chieu. O xilanh tac dring mOt chiOu, su trri ve vi tri ban 
dau cua pittring dugc thuc hien nha 16 xo hoSc sir tac dOng ngugc lai cua cum dieu 
khien (16 xo cua li hgp ma sat, dOi trong phanh v.v...). Trong xilanh c6ng tac tac d0ng 
hai chieu, dau co ap se di vao khoang phai ho3c khoang trai cua xilanh, vi vay phai co 
hai nhanh during ong nri'i giria xilanh va van phan phOi. 

Dau thuy luc trong he thOng di£u khien thuy luc co bam la dau khoang co cac ma 
hieu khac nhau phu thuoc vao nhiet dri mrii truring. Ap luc lam viec danh nghia cua he 
thOng tu 4 de'n 6MPa va do vay thuring dung bam thuy luc kieu canh quet hoac bom 
banh rang. Hinh 5.20 m6 ta sa do dieu khi£n co bam de dieu khidn cac ca cau cua mrit 
can true - may xuc. 

Nang suat yeu cau cua bam dugc xac dinh: 

n 

Qh = (1,5 - 2,0).Z0,785Df.S i .Z i , (crnVph) ; 

i=i 

Trong do: 

Di, Sj - during kinh lam viec cua xilanh va hanh trinh cua no, cm; 

Zj - so' lan dong ma trong 1 phut; 

n - sri' xilanh cong tac trong he thOng diOu khien; 

(1,5-h 2,0) - he sO k i den tdn that do ro ri d&u. 
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Iluih 5.20: So do hi thong diiu khien thiiy luc co bom 
(W diiu khii'n cac co cau cita edn true - may xuc 3/254 
1. Bom; 2. Thung cldu; 3. Bo loc; 4. Cum phdn phdi trin binh tich ndng; 

5. Ap ke; 6. Kenh ddn ngirpe cua dudng ddu co dp; 7. Bp tich dp; 

8. Bo loc; 9. Duong dug co dp; 10. Cum van diiu khien; 11. Dudng hoi; 

12 , 13. Hi thong diiu khii’n thiiy lire khdng phanh 12’ va 13’ cua rdi ndng chinh; 

Cum van diiu khien; 14. Phanh 14' co cdu quay; 15. Phanh 15' co can di chuyi'n; 

16. 17. Khdp noi 16’, 17 ’ de dao chieu co edit quay; 18. Khdp noi 18’ cua rang ndng vdt; 
19. Khdp noi dao chieu 19 ’ cua tang ndng vdt; 20. Khdp noi 20' cua tdi ndng phu; 21, 22. 
Khdp noi dao ehiiu 21’, 22' cita rdi ndng edn; 23. Toy ddy dieu khien phanh tdi ndng edn; 
1, II, 111, IV. Cdc tax gat cita he dieu khien kep ede van tnrot 14 22. 













































































5.2.3. He thong dieu khien khi nen 

He thong didu khien khi nen dugc dhng tren cac may xay dung cd nhd va trung binh 
de dong md li hop, khdp ndi, phanh v.v... 

Uu diem cua he thdng didu khidn khi nen la de didu khien, em, nhe nhang, nhay va 
sach se, khong 6 nhiem moi trudng do sir dung khong khi sach. Nhirgc diem cua no la 
kho khan trong vide lam giam do am khong khi m6t each tuyet doi. Ne'u khi nen co 15n 
hai nude se lam cho may ngirng hoat dong. Cac ca cSu chap hanh thudng co khudn 
kho kich thude Idn do ap luc khi nen thap 0,7 4 0,8MPa. 

So do cau tao cua he thdng dieu khie’n khi nen dugc mo ta tren hinh 5.21. 



Hinh 5.21: So do li$ thong didu khien khi nen 
1. May nen khi; 2. Bo tdeh dm kieu ddu; 3. Binh chua khi nen; 

4. Ddng ho do dp sudt; 5. Van an tocin; 6. B6 phdn phoi; 7. Bat hoi: 

8. Xilanh; 9. Phanh dai; 10. Guoc phanh; 11, 12 - Ld xo. 

Kh6ng khi nen tir may nen khi 1 dugc dua vao bo tach am kidu dau 2, sau do vao 
binh chua 3. Ap suat khi nen dugc kiem tra bang ddng ho 4, khi nen du thira se dugc 
xa qua van an loan 5. Khi nen tir binh chua vao bo phan phoi 6 sau do vao bat hai 7 
hoac vao buong lam viec ciia xilanh 8 de dieu khien dong phanh dai 9 hoac gude 
phanh 10. Khi md phanh, ngudi lai dirng tac d6ng luc vao can didu khien hoac ban dap, 

bo phan phdi 6 se trd ve vi tri lam cho khdng khi nen tir bat hai 7 ho3c xilanh 8 theo 

dudng dng d§n qua no thoat ra ngoai trdi. Cac 16 xo 11 hoac 12 lam cho phanh 9 hoSc 10 
md ra tuc thi. 

Lugng khdng khi tieu thu trung binh trong lgid cua he thdng dieu khien khi nen 
dugc xac dinh theo edng thuc: 

n 

Q = — S Zi.Vj , (cm 3 /s) ; 

3600 i=i 


246 




Trong do: 

V, - the tich khdng khi tiSu thu cho mdt lan thao tac cua ph4n tu thu i, cm 3 ; 
Zj - $6 ldn dong md trung binh trong lgid; 
n - sd phan tu tieu thu khi nen. 

Gia tri Vj dircrc xac dinh theo edng thuc: 

- Vdi xiianh khi nen: V = F.S; 


Vdi "bat hoi": 


V = — (D~ + D.d + d').S ; 
12 


Trong do: 

F - didn tich ti^Tt di6n pittdng, cm 2 ; 

D - dirdng kinh ngoai cua mang ngan, cm; 
d - dudng kinh can mang ngan, cm; 

S - hanh trinh cua can, cm. 

Nang suat cua may nen khi Q M can ph£i 1dm han lirgng khi tieu thu trung binh Q, 
nen ta co: 


Qm = k.Q 

Trong do: k - he sd dir trQ\ k = 1,3 4- 1,4. 

Th£ tich htfu ich cua binh chira khi nen xac dinh theo edng thuc: 

_ k’.Q.t 

Pmax Pmin 


V b = 


(cm 3 ) 


Trong do: 

k’ - he s6 du trtf, k’ = 1,1 4- 1,2; 

t - thdi gian can thid't de nap day binh (thirdng t * 20 -r 30s); 

p max , Pmin ’ ap suat Idn nha't va nhd nhat cua khdng khi trong binh chira. 


5.2.4. He thong dieu khien dien 

Di£u khit?n dien tren may xay dung co th£ bang tay, ban tu dOng hoac tu ddng. Theo 
phuong phap dieu khien phan ra: 

1) Di£u khi£n true tie'p bang chuyen mach d mach chinh (mach dOng lire) nhd bO 
khdng chd (K) - (Kontroller). 

2) Didu khien gian tie'p thdng qua he thd'ng rale, cdngtdcta nhd cac cudn hut dien 
tu (M) va thiet bi didu khien. Dieu khie’n bang each nay sd co ket cau nhd gon, lire tac 
dong khi didu khien nhd. 

3) Didu khi£n tir xa nhd cac cudn hut dien tu nhirng vdi su truyen tin hidu di£u khi£n 
tir thiet bi dieu khien dac biet co edng suat nhd qua thiet bi di£u khien ca hoc tu xa de 
ma hoa, phan tach theo thdi gian, tan so va pha, khud'ch dai. dich ma va bi&'n doi tin 
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hieu dieu khien. Tin hieu dieu khien co the dirge truyen theo day d^n hay dirdi dang 
song dien tir. 

Lira chon phuong phap dieu khien (K) hay (M) phu thude vao che do lam viec va 
cong suat dong ca cua thiet bi. 

Thirbng cOng suat dbng co* nho horn lOkW vbi che' d6 lam viec kh6ng qua nang nhoc 
thi dung di£u khien true tie'p K, con lai n£n dung di£u khie’n gian tie'p M. 

So do nguyen li va cac thiet bi dieu khien sg dugc nghien cuu kl trong cac giao trinh 
chuyen mdn. 

5.2.5. He thong dieu khien tir dong 

Muc dich cua dieu khien tu dong la nang cao nang suat may, nang cao chat lugng 
lam viec cua may va thay the mot phan hoac toan bo sue ngubi. Trong di£u khie’n tu 
dbng t6n tai hai he thbng: he thbng dieu khien tu d6ng mach ho hay con goi la tu dong 
hoa thong qua dieu khien va he thong dieu khien tir ddng mach kin - tu dOng hoa thong 
qua di£u chinh. 

He thd'ng dieu khien tu dong mach ho co so do nguyen li nhu trinh bay d hinh 5.22. 



Hinh 5.22: So dS nguyen li he thong diiu khien mach h& 

Tin hieu vao X tac dong I6n doi tugng di£u khi£n dugc do bang cac phan tu nhay 
cua he, no xu li tin hieu nhan dugc va truyen lenh m cho cac phan tu dieu hanh. Cac 
phan tu dieu hanh khuech dai lenh m va nho tac ddng cua lenh r bude cac phan tu chap 
hanh phai chuyen dong, sau do tin hieu Z tac ddng len ddi tugng di£u khien. 

He thong dieu khien mach ho co cau tao don gian, re ti£n hon he thdng dieu khien 
mach kin. No dugc su dung nhieu khi co the bd qua dugc anh hudng xau cua roi loan 
tac dong len he thd'ng. Trong he thong didu khien tu dong mach kin, phan tu nhay khong 
cam thu tin hieu vao X (hinh 5.23), nhirng no cam thu true ti£p su thay dd’i tin hieu 
ra Y cua dd'i tugng didu khi£n va hieu chinh no phu hgp vdi lenh cho trude hay theo 



Hinh 5.23: So do nguyin li he thong dieu khien tu ddng mach kin 
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Di hieu rd hem ve diOu khien tu d0ng, co the tham kh&o m0t sd vi du cu thef cua he 
thong dieu khien tir d0ng d mot sd may xay dung: 

a) Tu dong hoa qua trinfi dieu khien luai lii theo tin hieu trmn & may hdnh lop: 

Khi thi cong dat bang may ui, giai doan dao, tich dat thirdng sir dung edng suat 
dong co la ldn nha't. Trang thai chiu tai cua dong co phan anh rO net qua do trirqt 
cua bo di chuyen. Vdi may di chuyen bang banh xich co do trugt khong dang ke, 
khoang 1,5 -*■ 2% nhung vdi may banh ldp co do trugt kha ldn, tdi 15 18%, anh hudng 

den sir lam viec ciia may. Hinh 5.24 gidi thieu so do dieu khi£n theo tin hieu trirot. 

Bom A dirge ldp vao banh bi dong, bom B lap vao banh chu dong. O tai trong danh 
nghia, bom A va bom B co liru lirong nhir nhau. 


Hinh 5.24: Sa do dieu khien 
ludi lii theo tin hieu tricot 

1. Bonn chinh; A. Bam Idp vao banh bi 
donB. Bam Idp vao hdnh chit dong; 

2. Xilanh ihi'ty lire theo dot; 3. Bo phdn 
phdi; 4. Xilanh ndng ha ludi ui; 5. 
Ludi ui; 6. Van an todn; 7. Duong dug 
ddn; 8. Thung ddu. 
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O che d6 lam viec binh thirdng (khong co trirot), bom A va B lam viec khong tai. 
Khi tai trong tang len (co sir trirot), tdc do quay cua cac banh cham di (banh bi d0ng 
quay cham hom banh chu dong), nen liru lirong thira se vao xilanh theo ddi 2 (la xilanh 
co lien he ngiroc). Dirdi tac dung cua ap suat dau, pittong cua xilanh 2 chuyen dong 
xudng dirdi, qua co cau ddn bay tac dung vao van phan phdi 3. Dau tir bom chinh dirge 
cung cap vao buong dirdi cua xilanh thuy lire nang liroi ui 4. Nhd the lirdi ui dirge nang 
I6n va lire can cdt giam xudng. D6ng thdi vdi viec nang ludi ui, xilanh theo ddi 2 qua 
can va co cau ddn bay lam van trirgt cua bo phan phan phdi chuyln ddng v6 vi tri trung 
gian, ket thuc qua trinh dieu chinh. 

Ngugc lai, neu chieu sau cat nhd, tdc dd di chuyen may keo se nhanh lam banh bi 
ddng quay nhanh hon banh chu dong, nen liru lurgng dau d bom A ldn hem bom B, ddu 
con thieu se dirge hut tir xilanh theo ddi 2, pittong nhd co lo xo se lam di chuyen con 
truot cua van phan phdi 3 xudng phia dirdi. Nhir v&y dau tir bom chinh se vao budng 
trdn cua xilanh edng tac 4 lam ha ludi ui xudng. Su ha ludi ui dien ra tdi khi nao dd 
trirgt ciia banh chu dong ldn hem do trugt da quy djnh va liru lugng cua cac bom khdng 
can bang. 
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b) Tie ddng hoa qua tr'inh diiu khien cua may xuc gdu ngucrc theo quy dao cho trudc. 

Tren hinh 5.25 mo ta he thong dieu khi£n may xuc gau ngcrcrc co su dung truyen 
dong thuy lire theo ddi. He thdng truyen dOng thuy lire theo ddi dung de sao chep !ai 
quy dao chuyen dong cua gau theo mot ti le nhat dinh. He thong chu ydu dira tren 
nguydn tac mbi li£n he ham s 6 chuyen ddng cua can vdi tri tri cua tay gau. 



Hinh 5.25: So ild dieu khitfn gdu may xuc gdu nguac vdi truyen dong thuy lire theo doi 
1, 2. Bo phdn phoi; 3, 4, 5. Xitanh; 6. Tay gdu; 7. Cdn; 8. Thanh keo; 

9. Tay don phu; 10. Ddt trich hiiu chirih chuyen dong cdn. 


Xilanh tay gau 4, xilanh gau 5 dirge dieu khien ddc lap theo y muon cua ngirdi lai. 
Tay don phu 9 phong theo tay gau va gau, ciing vdi can 7 va thanh keo 8, tay gau 6 
tao thanh hinh binh hanh ABCD. 

D&u cubi cua tay don 9 dirge nbi vdi con trirgt A chuyen ddng trong bd phan d£n 
hirdng lap vdi can dat trich 10 hieu chlnh chuyen dOng can. Dat trich 10 chuyen ddng 
lam lien quan dbn van trirgt bd phan phdi 2. Con trirgt A chuyen dong trong bd phan 
dan hirdng, qua dat trich 10 s& day hoac keo van trugt bd phan phd'i 2. Nhd vSy d3u se 
dugc cung c£p vao xilanh 3 de’ nang ha can. Dieu chinh chuyen ddng cho phep dam 
bao quy dao cua rang g&u turcmg tir nhu dang cua bd phan dan hudng. He thd'ng dieu 
khie'n thuy luc theo doi dam bao quy dao dao sai sb so vdi quy dao cho trude khoang 
± 25mm. 
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Chiimig 6 

KHAI Nl£M CHUNG VE DONG LUC HOC MAY 


§6.1. NHI$M VU VA PH AN LOAI 

Nhi6m vu ca ban cua ddng luc hoc may la nghidn cuu tac ddng qua lai gitta chuyen 
dOng va lire cung nhir irng suat xua't hidn trong qua trinh chuyen ddng cua may. Bai 
toan dat ra trdn day dac biet quan trong vdi may co van tdc Ion. 

Thong thudng de giai bai toan ddng luc may nguroi ta phai tie'n hanh cac bude sau: 

- Lap md hinh tinh toan; 

- Thie't lap phuong trinh chuyen ddng va giai phuong trinh da lap; 

- Danh gia ket qua va rut ra ke't luan can thiST cho may hoac c£u true thuc. 

Thuc te' ba bude n6u tr6n co lien quan mat thie't vdi nhau. Viec thie't lap md hinh 
tinh toan cang gan vdi thuc te' bao nhieu thi qua trinh tinh toan cang phire tap bay nhieu 
va ket qua thu nhan duoc cQng gan vdi thuc te hon. Tuy nhi6n trong thirc te khdng ph£i 
luc nao cQng co the thi6"t lap dirge md hinh ph&n anh day du va chinh xac dieu kien 
lam viec cua may, hon ntra trong nhieu trudng hop dd chinh xac khdng doi hoi qua 
khat khe, do do vide chon md hinh tinh phu thuOc rat nhi6u vao ydu c&u bai toan dat 
ra. Md hinh dirge chon mdt mat phai don gian nhat co the duoc, mat khac ket qua nhan 
duoc phai du dd chinh xac ydu cau. Md hinh nhu vay thudng dugc goi la md hinh td'i 
thieu. Trong dong lire hoc md hinh tinh loan noi chung gom cac phan tu sau: 

- Khoi lugng la phan tu tich lay ddng nang 

- Phan tu dan h6i la phan tir tich lay the' nang 

- Phan tu giam chan la phan tu tieu hao nang luong 

- Bo kich dong la ph&n tu cung cap nang luong 

Bang phep mo hinh hoa tren day ta da dua vide nghidn cuu ddng lire hoc cua may 
that ve viec nghien cuu md hinh tuong duong vdi no va ve thuc cha't la mdt co he 
chuyen dong phu hop vdi cac lien ke't. Di6u quan trong co tinh chat quye't dinh de'n dd 
phuc tap, tinh chinh xac cua ket qua la cac gia thiet khi nghidn cuu cQng nhu vide chon 
cac phan tu dac trung cho mo hinh. 

Tuy theo each quan nidm cac ph^n tu trong he co the’ phan md hinh thanh cac trudng 
hop sau: 

- He rdi rac la he trong do vat ran chuyen dOng co khoi luong tap trung khdng bie'n 
dang, con phan tu dan hoi xem nhu khdng co khd'i luong. 

- Hd lien tuc la he trong dd phan tu dan h6i co khd'i luong, hoac vat ran duoc xem 
co khoi luong phan bo' va bie'n dang dan h6i. Khac vdi trong xay dung, trong ddng luc 
hoc may md hinh duoc nghidn cuu ph6 bie'n la md hinh rdi rac. 
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Khi nghien cuu dOng luc hoc may, sau khi chQn mO hinh nghien cuu, viec lap phirang 
trinh mO ta chuydn dOng cua nd la mOt biroc khOng th£ thie'u dirOc. Phirang trinh (hoac 
he phirang trinh) dirge lap la cac phirang trinh (hoac he) vi phan. Ne'u phirang trinh vi 
phan mieu ta chuydn d0ng nho cua he chuydn dOng thi he do thuang dirge goi la he 
dao dOng, vi v$y viec nghien cuu dOng luc hoc may khOng thd tach vdi cac kie'n thuc 
v& dao dOng ca hoc. 

MO hinh tinh toan co th£ la tuye'n tinh ne'u phuang trinh mO ta chuydn dOng cua no 
la phuang trinh vi phan tuye'n tinh hoac la phi tuye'n ne'u phuang trinh vi phan la 
phi tuye'n. 

Viec giai cac phuang trinh nay phai dua vao kie'n thuc cua toan va may tinh nen 
khOng n6u a day. 


§6.2. XAC DINH THONG S 6 CO BAN CUA MO HiNH TINH TOAN 

6.2.1. Khai niem ve thong so dong lire 

ThOng sO' chu ye'u cua mO hinh la khO'i lugng, phan tu dan h6i (16 xo), giam cha'n va 
phan tu kfch dOng. Phuang phap chti ye'u dd xac dinh cac thOng sO dOng luc neu tren 
la phuang phap thuc nghiem vk phuang phap giai tich. Do di£u ki$n cua giao trinh. 
dudi day chi trinh bay nhtfng sa luge v6 hai phuang phap nay. 


6.2.2. Xac dinh bang thirc nghiem thong so v£ khoi lutrng 


Nhu da bie't trong ca hoc, cac thOng sO' can 
dugc xac dinh la: khO'i lugng, vi tri khO'i tam, vi 
tri true mOmen quan tinh trong he toa d0 da cho 
va gia tri cac mOmen quan tinh. 

Tuy theo gia tri cho trude cua mO hinh cac 
dai lugng tren co th£ tinh true tie'p nhu can cac 
vat, hoac co th^ dung phuang phap phan nhd vat 
thanh nhtfng phan to quen bie't (vong tron, chtf 
nhat, vuOng, clu...) rdi ap dung cOng thuc da 
bie't trong ca hoc d£ tinh. 

Vi du 1: Xac djnh toa do trong tam cua vat 1, 
bie't khO'i lugng cua nd la m. 



Hinh 6.1: Xac dinh toa dt 5 trgng tdm 
bdng phuong phap tinh 


Sa dd xac dinh tpa dO trong tam X s dugc trinh bay d hinh 6.1. 


Dd tha'y rang: 


nij.g./ _ m t / 
m.g m 


Trong dd: mj - khO'i lugng qua can; 

g - gia tO'c trong trirdng ; 

/ - khodng each tu didm treo de'n tam dla can. 


( 6 . 1 ) 
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Vi du 2: X&c dinh m6men quan 
tinh va toa d6 trong tam cua vat c 6 
hinh dang mieu ta a hinh 6.2. 

Dl xac dinh mCmen quan tinh vdi 
kh6'i tam J s va cac kho^ng each a, b 
co thl ti£n hknh nhu sau: 

Trudc h6t cho vat lac quanh diem 
A va sau do cho vat lac quanh 
di£m B. Nhir da biet trong vat Ii khi 
vat lac quanh A va B ta c6 chu ki ctia 
con He la T a va T b voi: 




Hinh 6.2: Xdc dinh ddc trung khd'i hrpng 
theo phitcmg phap con Idc v<Jr l( 

A, B - Diem treo ; a, b — Khodng edeh edn 
xdc dfnh ; e - Khodng each hai dii'm treo. 


T A = 27i 


Tr — 2tt 


m.g.a 


h 


m.g.b 


(s) 

(s) 




Mat khac ta lai co: 


m.a 

J R = Jc + m.b 2 


( 6 . 2 ) 

(6.3) 

(6.4) 

(6.5) 


Sau khi do T A va T B , tCr cac phuang trinh n6u tr6n d£ dang xac dinh dirge J s va a, b: 


b = e 


±T^ 

g 


^ g 


)±T 2 -T 2 


( 6 . 6 ) 


T 2 

J s = —^ m.g.b - m.b 2 (6.7) 

4n 2 

Vdi dau + khi S n^m ngoai AB (hinh 6.1b) ; 
dau - khi S nam gitfa A va B (hinh 6.1a). 


6.2.3. Xac dinh d6 cung cua ph£n tu dan h6i 

Phan tu dan h6i la cac phan tu chiu bie'n dang trong m6 hinh tinh toan. No co nhi$m 
vu tich luy nang lirong dirdi dang th^ nang hay con goi la c6ng khi bi£n dang. Thbng 
so d6ng lire hoc dac trurng cua phdn tu dan hdi la d6 cung C cua no. Phan tu dan h6i 
co the la nhChig khau dan hdi nhu 16 xo, d$m cao su, song cting co thd la nhtfng vat ran 
nhu cac true, cac banh rang, day thep, day cap, khau thuy lire, betOng... tuy theo di£u 
ki6n lam viSc cQng nhu tuy theo m6 hinh tinh toan dugc chon. Cung mQt vat rin d m6 
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hinh nay la cung tuyftt dd'i, song d md hinh kh£c lai phjii xem no la khau dan h6i. Vi 
du cung mdt true quay, song ne'u d tdc d0 quay tha'p ta co th£ xem no la cung tuyet 
dd'i, nhimg td'c do quay dat de'n mOt gicri han n&o dd, khi tinh toan d0ng luc \$i ph£i 
xet de'n d0 cung cua no. Tuy theo trang thai chiu luc, d0 cung cua ph£n tu dan h6i duoc 
chia ra d0 cung xodn cho cac khau chuy6n d0ng quay chiu mdmen xodn, d0 cung uOn 
cho chi tie't chiu uOn, d6 cung theo mOt phuong nao do trong chuy^n d0ng tinh tie'n. 
Quan he gitfa luc vh bie'n dang cd th^ bi£u di£n dudi hai dang sau: 

Luc = DO cung x Bie'n dang 
hoSc: Bie'n dang = Luc x DO mOm 

Vide tinh toan d0 cung cua mOt chi tie't hay nhiOu chi tie't ghep nOi vdi nhau da ducrc 
trinh bay trong cac giao trinh nhu ca hoc li thuye't, sue b£n vat lieu, co ke't ca'u... Dudi 
day chi nhac lai vide tinh toan mOt sO chi tie't di£n hinh hay gap trong tinh toan dong 
luc hoc may. 


a) Dd cung cua Id xo thep: 

Nhu da bid't, d0 cung cua 16 xo trong thep duoc xac dinh nhu sau: 


G.d 4 

8n.D 3 


( 6 . 8 ) 


Vdi: G - niddun truot cua thep, G = 7,9.10 10 N/m 2 ; 

d - dudng kinh day 16 xo, m; 
n - sO v6ng 16 xo lam vide; 

D - dudng kinh 16 xo, m. 

Trong thuc 1 6 16 xo cd thd nOi vdi nhau thanh 
he nhiOu 16 xo. Trong trudng hop dd ph&i thuc 
hidn tinh toan 16 xo thay the' tucmg duong (con 
goi la tinh toan dd cung quy ddi). Nguyen t£c 
chung khi xac dinh d0 cung cua 16 xo thay the' 
tucmg duong la the' nang cua cac 16 xo duq^c thay 
the' phiti blng the' nang do 16 xo thay thO sinh ra. 

Thuc te' hai he nd'i 16 xo thudng gap nha't la he 
mac song song va he mac nd'i tid'p. Hinh 6.3: Hi hai Id xo mdc song song 



Trong trudng hop hai 16 xo mdc song song (hinh 6.3) ta cd: 


F = CjX + C 2 x = C, d x 

Suy ra: C td = C ] + C 2 (6.9) 

Trong dd: Cj, C 2 - dO cung hai 16 xo thanh phdn; 

C td - dO cung tuong duong. 

Ne'u he co n 16 xo mac song song ta cd: 
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( 6 . 10 ) 


n 


c,„ = I q 

1 

Trong do : Cj - dO cu-ng cua 16 xo thu i trong he. 
M6t each tircrng tor khi hai 16 xo mac noi tiep 


(hinh 6.4) ta co: 

F = Qxj + C 2 x 2 = C t(J x (6.11) 

Va x = X! + x 2 (6-12) 

Suy ra: — = ~ + -i- (6.13) 

Qd C, C 2 

Neu co n 16 xo mac ndi tie'p ta co: 

n 

— = £ — (6.14) 

C.J i=i C, 



Hinh 6.4: He hai id xo mde ndi tiep 


Bang 6.1 neu c6ng thtre tinh d6 cirng tircmg dircmg cho mOt s6' he d&n h6i. 
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Bang 6.1. (tiep theo) 



b) D6 ciing phdn tii dan hdi bdng cao su 

Khac vdi phan tur dan h6i bang kim loai, bien dang cua cao su phu thudc vao cha't 
lirgng, tii trong, hinh dang hinh hoc vao tan s6 kich d6ng vh vao thoi gian. Nhir the' 
thirc chat quan he giua bie'n dang vi lire la ham phi tuydn, song trong thirc te, mOt each 
gan dung thuong vin xem quan he nay la tuydn ti'nh dd tinh toan cac phan tur dan hdi 
tir cao su. 
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Dai lirgrng d£c trimg chu yOu cua cao su 
Id mOdun trugt G. No phu thuQc vao d6 
ciing Shore (hinh 6.5). 

Su phu thuOc cua mOdun trugt G vao d6 
cung, quan he gifra mbdun trugt G va dO 
cung Shore thucrng dugc thi nghiem tai 
nhd may san xu&'t. 

Do d5c di£m nbu tr6n, viec tinh toan dO 
cung cua dem cao su chi mang tinh gdn 
dung, de co gia tri chinh xac phai tie'n 
hanh thuc nghiem. 

Do db cung cua cao su phu thuOc vao 
tan s6, n6n khi xac dinh d6 cung tinh, gia 
tri db cung thuc te cua cao su khi lam viec 
dugc tinh theo cbng thuc sau: 

C d = C,k d (6.15) 

Trong db: 

C d - dO cung dOng luc; 

C t - dO cung tinh; 

k d - he so dOng luc (hinh 6.5). 

Trong truang hop cao su chiu nen, gia 
tri dO cung tinh C, dugc tinh gdn dung nhu 
sau (hinh 6.6): 

C, = ^E (6.16) 

h 

Trong db: 

A - dien tich chiu luc, m 2 ; 

E - mbdun dan hOi, N/m 2 ; 

h - chi6u cao dem, m. 

Gia tri cua E phu thuOc vao he sO hinh 
dang k R vd do cung Shore (hinh 6.7). 

k E = -J^ = A (6.17) 
4.7rd h 4h 

c) D6 cung xodn 

Trong ki thuat nhi^u chi tie't may chiu 
mbmen xodn nhu true, banh rang, banh 



Hinh 6.5: Su phu thupc cua modun truot 
vd hi sd' ddng luc vao dQ cung Shore 



Hinh 6.6: Dem cao su chiu nen 
I. Kim loai ; 2. Cao su. 



Hinh 6.7: Su phu thupc 
cua mddun dan hdi vdo kc 


HesS'd&ytpt k^ 






dai... ma trong nhi£u trudng hap (dpc biet khi sb vong quay cao, tai trong ldn) khi tinh 
toan phai ke dbn bien dang xodn. 

Vdi true tron, dd cung duac tinh nhu sau: 

C = G . - (6.18) 

/ 

Trong do: 

G - mddun truat, G = 8.10 10 N/m 2 ; 

1 - mbmen quan tinh d6c circ tiet di^n tron, I = —m"; 

32 

/ - chi6u dai, m. 



Hinh 6.8: Do cung true bfic 


Vdi true bac (hinh 6.8) ta co: <Pi = <Pj + (p 2 
Do M tl = M {2 ta co: 


H 

Qd 



Hi + H: 
c, c 2 


(6.19) 


Hay 


Qu - 


C,.C 2 

c, +c ? 


Vdi cac b0 truy£n viec tinh toan dd cung kha phuc tap va da duac trinh bay trong 
cac tai lidu chuydn mon, vi du 111 ndn khbng ndu d day. 


6.2.4. Cac gia thiet khi tinh toan gia tri giam chan 

Trong hd dao d0ng, gikm chan c6 tac dung tidu hao nang luang, can trd chuy^n ddng. 
Trong d0ng luc hoc may thudng gia tri giam chan cac mb hinh la nho, song trong mbt 
s6 trudng hop vdi muc dich dap tat nhanh dao ddng co thl dung phan tu giam chan 
dac bidt. 

Ngudi ta phan biet luc giam chan ngoai do cac luc ma sat hoac do sue c&n thuy khi 
va giam ch^n trong do bibn dang cac vat lieu sinh ra. 

Nd'u goi luc gi&m cha'n la F D thi: 
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- Ne'u luc gi^m cha'n chi phu thu0c vao van td'c ma khOng phu thu0c d£u cua no (luc 
c&n nhdt) ta co: 

F D = b,.q (6.20) 

- Trong truong hop ma sat khd ta co: 

F D = b 0 .-? ; (6.21) 

fql 

Truong hQrp luc giam chan phu thudc vao biSn d0 va tan s0 ta co: 



co 


( 6 . 22 ) 


Cac h£ s6 b], b Q , b 2 thirdng dirge x£c dinh bang thuc nghi0m, chi trong m0t sd trudng 
hop mdi co bi€u thuc gan dung bang giai tich. 

Trong cac phuong trinh m6 ta chuy^n d0ng luc gi<im cha'n hay dung hon ca la luc 
can nhdt va duoc the’ hi0n qua h$ so giam cha'n v. 


v - 


b 


2.m.co 0 



(6.23) 


vdi: 

Trong do : 


5 = ^- 
2m 


co„ = 


c - dd cung cua phdn tu dan h6i; 
m - kh0i luong chuy£n d0ng; 
co 0 - tdn s 6 ri£ng. 



Bang 6.2. So giam chan v cho mot so vat lieu va ket cau xay dung 


Ten 

V 

Th£p d0 cung cao 

0,0014 

Thep xay dung - thep CTM 

0,0008 

Gang 

0,02 

G6 

0,01 

Cao su tu nhiOn 

0,05 

CAu th6p 

0,014 

Tudng gach 

0,008 

M6ng khOi 

0,06 


6.2.5. Khai nifm ve phan tu kich dong 

Trong mO hinh tinh loan d0ng luc hoc phan tu kich d0ng chinh la ph£n tu cung cap 
nang lugng cho h6 chuyen ddng va duoc this hi$n qua ham stf cua luc kich d0ng. 

Trong thuc te co nhi£u dang ham kich dOng khac nhau, song trong d0ng luc hoc may 
thuong gap hai dang chinh la ham kich d0ng co chu ki va ham kich dOng kh6ng co 
chu ki. 
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Ham kich d0ng co chu ki lai co th£ phan thanh ham kich d0ng didu hoa va ham kich 
dbng khbng didu hba. 

Hinh 6.9 trinh bay mbt s 6 mb hinh kich dbng di£u hba thubng gap trong ki thuat. 



Hinh 6.9: M6 hinh kich dQng diiu hda 

Hinh 6.9a la ha dao dbng co ham kich dbng la lye F(t) vai: 

F(t) = F.sincot (6.24) 

Mb hinh nay dung khi tinh mong may hoSc thibt bi rung dirge kich dbng bang thuy 
lirc,khi, dibn. 

Hinh 6.9b trinh b£y mb hinh dbng lure hoc co ham kich dbng li tarn: 

F(t) = nvr.co^sincot (6.25) 

Mb hinh nay dung d£ tinh toan dbng lire hoc cho cac may rung co kich d0ng bang 
qua vang nhu cac ban rung, d^m mat, d£m dui, lu rung, nghiSn rung, sang rung... 
(hinh 6.10). 
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Hinh 6.10: M6 hinh ban rung 
a) Ban rung ; b) Ban rung ep ; c) Ban va rung. 









Hinh 6.9c trinh bay he dao ddng co ham 
kich ddng la lire dan hoi vdi: 

F(t) = C’.u.sincot (6.26) 

Md hinh nay co the dung de nghien ciru 
may van chuy£n rung (hinh 6.11). 



Md hinh 6.9d la m6 hinh co ham kich dong 
la ham cua quang dircmg hay con goi la kich 
ddng ddng hoc vdi: 

F(t) = C.u(t) + b.u(t) (6.27) 

hay: F(t) = (C.sinm.t + bco.cos(Ot).u 

Md hinh nay dung de’ tinh anh hirang cua 
dao dong den cac edng trinh, tinh giam chan 
cho xe neu coi pho nhap nhd cua dudng la 
ham dieu hoa. 



Hinh 6.11: Mb hinh max vein chuyjfn rung 
a ) So do, b) Mb hinh co hoc. 


Ham kich ddng khdng dieu hoa co chu ky nhu da bie't co the coi g&n dung la tong 
cac ham dieu hoa nher phep phan tich chudi Fourier. 

Gia sir ham F(t) la ham co chu ki T, khi do co the khai trien ham F(t) thanh chudi 
Fourier. 


n n 

F(t) = a 0 + Z a k .cos(kfDt) + Z b k sin.(kiot) (6.28) 

k=i k =i 


2ji a 

Trong do: 0) = — va goi la tan sd' co ban ciia lire kich ddng; 
T 


a„ = — / F(t)dt 

T 

1 


a K = — J F(t) cos (kiot)dt 
T n 


b K = — J* F(t)sin(ko)t)dt 
T ' 


(6.29) 

(6.30) 

(6.31) 


D £ thay ring neu F(t) la ham chSn thi b K = 0, con neu F(t) la ham le thi a () = a K = 0. 
Bang 6.3 ndu ke't qua khai trien Fourier cua mdt sd' ham sd' hay gap. 
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Bang 6.3. Ket qua khai trien chuoi Fourier m6t so ham s6' 

D6 thj h&m Ham He s 6 Chufii 





































Chutmg 7 

DAI CUONG Vfe DAO D0NG CO HOC 


§7.1. KHAI NIEM - PHAN LOAI 

7.1.1. He dao dong va phan loai 

Nhir da bie't he dao dbng g6m cac phan tu sau : 

- Phan tu khb'i lugng 

- Phan tu dan hoi 

- Phan tu can 

- Phan tu kich dong 

Trong thuc te cac phan tu nay rat da dang va dugc the’ hibn qua cac thbng s0 dac 
trung cu the (xem chuang 6). 

Co nhieu each phan loai khac nhau tuy theo quan di£m khi phan loai nhu theo so 
bac tu do. theo phuong trinh mb ta chuyen dbng, theo trang thai cua he, dubi day chi 
xin nhic lai mot each tom tat, each phan loai he dao dong. 

7.1.2. Phan loai he dao d6ng theo bac tu* do 

SO' bac tu do cua mbt he chuyen dbng chinh la sb' toa do tbng quat d£ xac dinh hoan 
toan chuyen dbng cua no. 

Theo sb bac tir do he dao dong dugc phan thanh he hffu han bac tu do va he vb han 
bac tu do. 

Trong he huu han bac tu do dugc phan ra he dao dbng mbt bac tu do va nhibu bac 
tu do. 

Hinh 7.1a la mb hinh dao dbng thing mot bac tu do ; con trbn hinh 7.1b bie’u thi he 
dao dbng lie mbt b$c tu do. 



Hinh 7.1: Dao dong hi mdt bde tu do 
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Hinh 7.2 la mO hinh bidu didn hd dao ddng nhidu bac tu do, trong do hinh 7.2a la 
he dao ddng thing hai bac tu do, hinh 7.2b la hd dao ddng cua rndng - may co bac tu 
do bang 3. 




Hinh 7.2: Hi dao ddng nhiiuhdc tir do 


Vi du don gian cua hd dao ddng vo han bac tu do la dao ddng cua dim (hinh 7.3) 
co ngam mdt diu vdi khd'i lirong phan bd' va dan h6i. 


I 

% 


<?= <? (z.t) 


Hinh 7.3: Hi dao ddng vd han bflc tu do 

7.1.3. Theo d&c diem phwmg trinh hoac he phmmg trinh vi phan 

Theo dac did’m phuang trinh mo ta chuy^n ddng hd dao dong dugc phan ra thanh he 
tuydn tinh va he phi tuyen. 

H$ dao ddng tuyd'n tinh la hd ma phuang trinh (hd phuang trinh) md ta chuy^n ddng 
cua no la hd phuang trinh vi phan tuydn tinh , nguac lai dugc goi la phi tuydn. 

Nhu da bidt trong toan hoc vide giai phuang trinh vi phan tuydn tinh don gian han 
nhieu so vdi hd phi tuydn. Trong hd phuang trinh vi phan tuydn tinh cho phep edng 
nghidm va vi nguydn tic co thd tim nghidm dudi dang giii tich, trai lai vdi hd phi tuydn 
noi chung chi co thd giai gin dung. 

Trong thuc te hd dao ddng thudng la hd phi tuydn, tuy nhidn khi nghien cuu dao 
ddng thudng dugc gi& thiet chi nghidn cuu dao ddng nho quanh trang thai can bang dn 
dinh. Do gia thidt trdn ndn trong nhidu trudng hgp chi cin giu nguydn trong cac bidu 
thuc toa dd va van tdc suy rdng nhtfng sd hang cap thap va bo qua nhung so hang cap 
cao mi khdng mac sai sd' Idn, tu dd co thd dua phuang trinh vi phan phi tuydn thanh 
phuang trinh vi phan tuydn tinh. 
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7.1.4. Theo trang thai hf 

Theo trang thai, he dao d&ng dirge phan thanh 
he dao dOng tu do va he dao d&ng cugng hue. 

He dao d&ng tur do la dao d&ng kh&ng chiu 
lire kich d&ng trong qua trinh chuy£n d&ng, 
ngugc lai la he dao dQng cirOng buc. Hinh 7.1, 
7.2, 7.3 la cac vi du he dao d&ng tu do. Hinh 7.4 
la he dao d&ng cuong buc. 

Trong he dao dong tur do con co th£ chia ra 
dao d&ng tu do co can hoSc kh&ng can va tuy 
theo lire can chia ra dao d6ng tir do co c£n ma 
sat nhbt, kh&... 



Hinh 7.4: Dao d$ng 
cuong birc m$t b$c tit do 


Ngoai each phan loai tren day trong thuc l£ con co nhi£u each phan loai khac nua 
vh do do con gap nhi6u he dao d&ng khac nhir va rung (hinh 7.5a) he dao dgng ngSu 
nhien (hinh 7.5b), he dao d&ng th&ng s&' (hinh 7.5c), he tu dao dong... 



Hinh 7.5: Cdc hi dao ddng 

a) 1. Ban, 2. Dim dan hdi chiu va ddp ; 3. Nin ; 4. Phdn tu dan hdi. 
b) m h m 2 - Khd'i luong romooc ; bank xe; C ( , C 2 - Phdn tit dan hdi; 
b- Phdn tie gidm chdh ; , £ 2 -Toa dp tdng qudt ; q.(t)- Ham kich ddng ngdu nhiin. 

c) F(t)~ Ham kich dpng ; y, x - Toa dd tdng qudt. 
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Chu y ring sir phan loai cac he dao d0ng dugc trinh biy d tr6n theo nguyen tic dOc 
lap nhau vl viy m0t he khi dirge khao sat c&n phai xem xet cu thl. 

§7.2. PHUONG PHAP THI^T LAP PHUONG TRINH CHUY^N DONG 

Co nhi£u phirang phdp d£ thie't lap phirang trinh chuye’n d0ng mieu ti he khao sat, 
nhir phirang phap lac, phirang phap bi£n dang, dung phuang trinh Lagrange loai II... 

Viec chon phirang phap nao d£ thie't lap phirang trinh chuy^n d0ng phu thu0c cau 
true cua he khao sat. Ddi vdi cac he rdi rac, thuin ti6n nhat la dung phuang trinh 
Lagrange loai II. 

Phuang trinh Lagrange loai II dugc vie't nhu sau: 


A ('j _ j?Ll + AZ - p (t) 
dt V dq k ' dq k 0q k 

k = 1, 2, ..., n 

Trong do: L = T - U. - Ham Lagrange 

(7.1) 

T = — Z Z a ik qj qt- - Ham dOng ning 

2 i=i k=i 

n n 

U = — Z Z c ik q, q k - Him the' ning 

2 ,=1 k=t 

n n 

(7.2) 

(7.3) 

<j) = — Z Z b lk q k - Him hao tan 

2 i=i k=i 

q k , F(t): toa do suy r6ng vi luc suy r6ng 

Ne'u vie't dudi dang ma tran ta co: 

(7.4) 

T = I q T Aq 

2 

(7.5) 

,|. = iq T Bq 

2 

(7.6) 

U = ^q T Cq 

(7.7) 

q T = [q, , q 2 ...qJ T 

(7.8) 

A = (a ik ) = [a ik ] 

(7.9) 

B = (b ik ) = [b ik ] 

(7.10) 

C = (Cik) = f^ik] 

F = [f„ f,... f„] T 

(7.11) 

Vi du: Lip phuang trinh chuy^n dOng cua h$ dao d0ng co md hinh dugc mieu ta d 
hinh 7.6 vdi luc can phu thu6c vao van td'c F c = bq. 
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F(t) 


>////////7///////////////////y///A 


Hinh 7.6: Hi dao ddng hai bdc tu do 

TCr mO hinh ta co: 

T = - (m,q 2 + rruqt) 

2 

U = -c,q? + |(q 2 - q,) 2 
2 2 

L = -[m,q 2 + m 2 q 2 - qqj - c 2 (q 2 - q,) 2 ] 
2 


<l> = ~Mi + ^ b 2 (q 2 - 
2 2 

q.) 2 



aLx 

= miq ' 

(7.12) 

( dL \ ■ d ( 

^ dq 2 J dt ^ 

= m-.q-, 

dq 2 J 

(7.12a) 

dL , . 

— = -Ciqi + c 2 (q 2 _ q,) 
aqi 

(7.13) 

dL , v 

— = -c 2 (q 2 - qi) 

dq 2 


(7.13a) 

= b iqi - Mh - 
3q, 

qi) 

(7.14) 

= b 2 (q 2 ~ qi) 

dq 2 


(7.14a) 


Phuang trinh co dang: 

m,q, + (b, + b 2 )q, - b 2 q 2 + (c, + c 2 ) q, - c 2 q 2 = 0 
m 2 q 2 - b 2 q, + b 2 q 2 - c 2 q, + c 2 q 2 = F(t) 

Hay vi£t dirdi dang ma tr&n co: 

Aq + Bq + Cq = F(t) (7.15) 
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vai: 


A = 


C = 


F = 


m, 0 
0 m 2 


C| + C 2 —C 2 

-c, c. 


B = 


q = 


b] + b 2 
-b> 


qi 

q2 


-b 2 

b-, 


0 

F(t) 


§7.3. DAO DONG TUYEN TINH H$ MOT BAC TU DO 

7.3.1. Dao dong tir do khong lire can 

Hinh 7.7 mieu ta he dao ddng met bac tur do khOng can. 
Ap dung phirong trinh Lagrange loai 2 ta co: 


t 1 2 

T = — m.q ; 
2 


(7.16) 


U = - .c.q 
2 


_d 

dt, 

dL 

dq 


f dL^ 


m.g.q 

= m.q ; 


) 


dq 

= -c.q + m.g 



suy ra: m.q + c.q = m.g; 
Goi: 


q 0 = ^ 


(7.17) 

(7.18) 


V&: 


c) 


Hinh 7.7; HP mdt b$c tu do khong can 
a) Trang thdi ban ddu ; b) Trang thdi 
edn bdng tinh ; c) Trang thdi chuydn ddng. 


(7.19) 


* = q - q G ; 

suy ra: mx + ex = 0 ; 

NghiSm cua phirong trinh co dang: 

x = Asin(co 0 t + a) ; 

ta co x = Ao) 0 cos(co 0 t + a); 

x = -A CDo sin(co 0 t + a) 

vdi A, a la 2 hang s6 tuy y phu thu6c vao didu ki6n ddu. 

CGng co th£ viet phuang trinh (7.20) dirdi dang khac nhir sau: 


(7.20) 

(7.21) 

(7.22) 


x = B.cosco 0 t + C.sina) Q t 
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Vdi: 

B = A.sina 

(7.23) 


C = A.cosa => tga = — hay A = Vb 2 + C 2 

C 

(7.24) 

Gia sir tai: 

t = 0 co x = x e ; x = Xq ta cd: 



B = x 0 ; C = — 

A= i x ° + i 



x o 0 ) o 
tga = -5-^ 

*o 


Tir (7.20) thay ngay ding x la m6t h&m di6u hda co chu ki: 



j _ 2n 
w 0 

(7.25) 

Vk t&n sd': 

f — _L — 

T' O _ 

(7.26) 


T 2tt 

Chinh vi v$y dao dOng tu do khCng can con dupe goi \k dao ddng diSu h6a. 

7.3.2. Dao d6ng tur do co can nhot 

Hinh 7.8 trinh b&y he dao dOng tu* do co c&n nhdt. 

Gi& thie't ding lire c&n F D = bq ta c<5: 


T = — m.q 2 (7.27) 

2 



^ = bq 


Phircmg trinh chuy^n dCng ctia h£ c6 dang: 

mq + bq + cq - 0 (7.31) 
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Do gi& thid't n£n cac dai lirgng m, c, b d£u la h&ng s 6, do d6 (7.31) la phuomg trinh 
vi phan tuy£n tinh. 

Ne'u goi: — = to 2 (7.32) 

m 


m 

Thi (7.31) vi£t dirdi dang sau: 

q 4 - 2nq + co 2 q = 0 

Phiromg trinh dac trimg cua (7.34) c6 dang: 

Z~ + 2nZ + cOp = 0 


(7.33) 

(7.34) 

(7.35) 


Ta cd: 

Z, = -n + Vn 2 - co 2 (7.36) 

Z 2 = -n - >/n T -o> 2 (7.37) 

NghiSm (7.36) va (7.37) c6 th£ thuc hoac phirc ttiy theo gia tri cua Vn 2 - <x> 2 , n6i 

khac di tuy theo gid tri cua lire c&n n = D£ co th£ nhan xet nghidm cua (7.34) ta 

2m 

phan tich nghi6m,(7.36), (7.37) thanh cdc trucrng hop sau: 


2 2 

Truong hap luc cdn nhd: n < co“ 


Goi: 

k = M - n 2 va i = V-T 

(7.38) 

Ta co: 

Z, = - n + ik 

(7.39) 


Z 2 = - n - ik 

(7.40) 

Theo li thuydt phirong trinh vi phan ta cd: 



q, = B 1 e ( * n+ik)t ; q 2 = C,e ( - n - ik)t 

(7.41) 

va: 

q = q, -f q 2 = B,e ( ' n+ik)t + C l e (nik)t 

(7.42) 

Theo Euler 

e ,kl = coskt + isinkt 

(7-43) 


e' ,kt = coskt - isinkt 

(7.44) 

N6n: 

q = e" nt [(B, + C])coskt - i(B, - C,)sinkt] 

(7.45) 

Hay: 

q = e nt (Bcoskt + Csinkt) 

(7.46) 

Voi: 

B = Bj + Cj 

(7.47) 


C = *- Bj + C| 
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(7.48) 


Dat: B = Asinp 

C = Acosp 

Ta cd: tgp = — 

C 

q = e m Asin(kt + p) (7.49) 

Vbi gi£ thi£t tai: t = 0 co q = q Q ; q = q 0 ta c6: 

tgP = qok . (7.50) 

nq„ + q„ 

Tir (7.49) ta co nhan xet sau: 
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- Khi dao dbng tir do khbng c&n, chu ki dao d6ng T 0 = —, khi co can chu ki nay la 

Wo 

T, = —, do k < o ) 0 ndn Tj > T 0 . Noi khac di ma sat nhbt co tac dung keo dai chu ki 
k 

dao dOng. Sir keo dai nay khbng dang kl n£u lire c£n nhb. 

- Sb hang Ae nt quy ubc goi la bi6n dd dao d0ng cua hb khi cd c£n. No giSm din 
theo thbi gian theo quy luat ham s 6 mQ va tibm can tbi khbng, do dd goi la dao dbng 
tat dan (hinh 7.9). 

- Tir (7.49) thay ngay q ddi da'u mdt each tu£n hoan cd nghla ia hb qua vi tri can 
bang sau mdt khoang thbi gian nhu nhau. Khojkng thbi gian nay g<?i la chu ki chuy^n 
dbng. Thirc ra day la chu ki quy ude vi sau mdi chu ki bidn d0 chuy^n dbng da khac 
nhau mdt lu-ang Aq, dibu nay khac hdn vbi dao dbng tu do. 




a) n < co 0 ; b) n > io Q 
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- N6u gQi: 


¥ = 


Ae~ nl 

Ae _n<t+T|) 


.+nT, 


(7.51) 


Ta thay ngay bi6n d0 dao d0ng gi^m nhanh, do do goi la h£ s6' tat dan va die 
trung cho d0 giam bi6n d0. 

Trong thuc t6' hay dung he sb giim loga 6 
5 = lnvj/ = nT[ 


Khi luc can l&n n > co^: 

Khi dd nghiSm cua phirang trinh dac trung: 

Z" + nZ + (Dq = 0 

Co dang: Z ] 2 = - n ± Vn 2 - Gi 2 = - n ± k (7.52) 

Gia tri Z 12 la stf thuc n6n suy ra: 

q = e _nI (B kt + C,e~ kt ) (7.53) 

Nhu da biet phuang trinh (7.53) khdng phii la phuang trinh dao d0ng. Nhu th£ khi 
luc c^n lan, n0u h£ bi ki'ch d0ng se khdng x£y ra dao dOng. 


7.3.3. Dao d0ng cu&ng hire khdng can 

Ap dung phuang trinh Lagrange, phuang trinh dao dOng co dang: 



mq + cq = H 0 .sincot 


(7.54) 

Hay: 

q + to 2 .q = h.sincot 


(7.55) 

Vdi: 

i H 0 2 c 

h = — ; co 0 = — 

m m ,- 

l P *H 0 sjnoJt 

-- 1 

a 


Nghidm t6ng quat cua (7.55) la tdng cua 
nghidm tdng quat phuang trinh thudn nha't 
va nghi£m riSng cua phuang trinh khdng 
thuan nhat. 

Nghiem tdng quat phuang trinh thuan 
nha't co dang: 

q, = B.coso 0 .t + C.sino) 0 .t 
Dat nghidm ridng cua (7.55) dudi dang: 

q 2 = A.sincot 
q 2 = A.to.coscot 


m 


1 


Hinh 7.10: Dao d$ng cu&ng biic 
hi mdt bde tit do 


(7.56) 

(7.57) 
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(7.58) 


q 2 = -A.o\sincot 

Thay vao (7.55) sau khi ddng nha't he so ta c6: 

A =--- (7.59) 

o 'y v 

(o,; - or 


Va do do: 

L 

q^ =-.sincot 

^ - *> 1 




0) o - 0) 



Nghiem tong quat cua (7.55) co dang: 




q = B.cosco 0 t + C.sinco 0 t + 

h . 

-.si not 




o- - or 

Gia sd tai 

thdi diem t = 0 co: 




q = q () ; q = q 0 suy 

ra B = 

q (1 


c Qn h.o) 




«o-(®o - 

co 2 ) 


Do do: 




q 

= q„cos<o 0 t + q ° sincoJ - 

hen 

i "v 

sino n t + —, - h -v sinmt 


0) « o (0)- - 0)-) 

o--o- 

Hay: 

q = q, + q 2 + q, 



Vdi: 

q, = q„coso) n t + — 

sinco u t 



- ho 

q 2 =---- sino) B t 

w„(0)“ - or) 

q 2 = —- -sin co t 

o ) 0 - or 


(7.60) 

(7.61) 

(7.62) 

(7.63) 

(7.64) 

(7.65) 

(7.66) 

(7.67) 

(7.68) 


Trong do: 

qj: goi la dao dong tir do. 

q 2 : goi la dao dong tir do keo theo: 

q 3 : dao dong cirdng bdc thuan tuy. 

Tir (7.64) co nhan xet sau: 

- Dao d0ng cirdng bdc cua he mdt bac Ui do khong can gom 3 thanh phdn q,, q 2 , q v 

- Dao dong cirdng bdc xay ra vdi tan sd bang tan s 6 lire kich dOng. Khac vdi dao 
dong tir do co bien do dao dong phu thu0c vao dieu kien dau (q u , q 0 ) thi vdi dao d0ng 
cirdng bdc q 3 bien d0 khdng phu thuOc vao dieu kien dau ina phu thu0c vao tham so 
cua he nhu H 0 , m, c. Vi vay de thay ddi bien d0 dao d0ng cua he phai thay d6i cac 
tham sd cua he (d0 edng, khoi lirgng) neu giu nguyen lire kich dOng. 
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- Trong dao dong cirong buc neu o ) 0 > o> (hi dau cua q 3 (rung vdi dau ciia lire kich 
dong, ndi khac di chuyen dong cirdng buc va lire kich dong ciing pha, ngiroe lai neu 
o)„ < (o (hi chuyen dong cueing hire ngiroc pha vdi lire kich dong. Khi do vict lai q 3 
nhu sau: 


q.i - —J 1 —_ .sin(o)t + 71) 

- Xet: A = . — h - 

Ro rang khi ( 0 o o co A —> co. Day chinh la trirdng hop cong hirdng. 
Xcl cu th£ (7.69) trong cac trirdng hop sau: 

Tnmng Inrp I: Bien dp kich dong H 0 la Iking so: 


A = 


H 


H 0 1 


“> 


f»o -- ro 0)„ 


('-A) 

oy, J 


m • — { I - 
m 


cn~ 

(o: 


ro" 

I “ — 

co: 


= A, 


(i-A 

V m 


1 -r 


• A, — Kj,.A, 


Vdi: r - — ; A, = — 

ro„ c 


K*ti - 


- r 


goi la he so dong lire loai 1 


co' 


Do thi bieu didn K (t , = K,,, ( —7 ) bieu dien d hinh 7.11. 


co; 


(7.69) 


(7.70) 


(7.71) 

(7.72) 



Ilinh 7.11: DA tlii K lU 
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Nhir the khi co = 0 thi bien do chinh la bien dang tlnh (A,). 

Khi to = co 0 co r = 1 va A = oo hay K dl — > oo 

Khi r > 1 hay co > co 0 thi K (t , giam dan theo sir tang ciia co, noi khac di neu thiet bi 
lam viec vung sau cong lurdng, khi tang tan so lire ki'ch ddng va gitf nguyen cac thong 
so khac thi bien do dao dong cua he giam dan khi tang co. 

Tritcmg hap 2: Bien do lye kich ddng ti le vdi binh phircmg tan sd kich dong h = u.co 2 
vdi u la hang so ti le. 


Ta co: 



- r 


.r .ii 





1 -r 


(7.73) 


A = K d2 .u vdi K d2 


- r 


= r.K 


ai 


Trong do: K (12 - he so dong lire loai hai. 



(7.74) 


Hinh 7.12: Su phu thuoc K<si vao r 


TCr hinh 7.12 co the rut ra nhhn xet sau: 
Khi r = 0 (co = 0) co K d2 = 0. 


Khi r > — thi K d2 tang nhanh. 

V2 

Khi r = 1 tire co = co 0 ta co K d2 —» oo va A —» oo, khi do xay ra cong hirdng. 

Khi r —» co thi K d2 —> 1, hay A —> u nghia la bien dd dao dong dan tdi mdt tri so 
xac dinh. 

- Sau mdt thdi gian chuy^n ddng, do ma sat, dao dong tir do tat dan, dao dong cua 
he con lai chi la dao ddng cirdmg bdc. Trong qua trinh chuyen lie'p, dao dong cua he la 
tong cua dao ddng tir do va dao ddng cirdng birc. Chung khac nhau ve pha va tan sd 
nen dao dOng cua he la mOt dao ddng phuc tap. 

O trang thai edng hudng bien do dao dong ve li thuyet la co, song neu xet gidi han 
(7.74) se thay khi virgt qua cong hirdng bidn dd khong the tang tire thdi ma can mot 
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khoang then gian nhat dinh. Vi vay khi thiet ke may phai 
chu y sao cho thcri gian virgt qua cOng hirdng la nhanh nhat. 

7.3.4. Dao dong cinyng hire khi co can nhat 

Phirong trinh dao dong cua he co dang sau: 

mq + bq + cq - H 0 .sincnt (7.75) 

Hay: q + 2n.q + co 2 .q = h.sincot (7.76) 

Nghiem cua (7.76) la tong cua hai nghiem: Nghiem cua 
phirong trinh vi phan thuan nhat va nghiem cua phirong 
trinh vi phan khong thuan nhat. 

Dat nghiem rieng dirbi dang: 



q r = N.coscot + M.sincot 

(7.77) 

Ta co: 

q r = - N.co.sincot + M.w.coscot 

(7.78) 


q, = - N.cn 2 .coscot - M.co 2 .sincot 

(7.79) 

Thay vao 

ta co: 

(7.76) cac phirong trinh (7.77) ; (7.78) ; (7.79) va thirc hien can 

bang hai 


- M.co 2 - 2N.n.co + M.co 2 = h 

- N.co 2 - 2M.n.co + N.cn 2 = 0 

(7.80) 

Suy ra: 

t. m « CO 2 - CO 2 

M = h.--- 

(co 2 - or) 2 + 4n 2 .or 

(7.81) 


N = h. 2nt0 

(co 0 - 0 ) ) + 4n .co 

(7.82) 

Do do: 

, n \ 

q. = N.coscot + M.sincot = M. ( sincot 4- — .coscot ) 

v M ' 

(7.83) 

Dat 

tgCX = M 

M 

(7.84) 

Hay 

. 2n.co 

t § a = , , 

COy - CO" 

(7.85) 

Ta co: 

M 

q r =-.(sincot.cosa + sina. coscot) = A.sin(cot + a) 

cosa 

(7.86) 

Voi: 

A = M 

(7.87) 



Hinh 7.13: Dao dong 
cirfmg buc co can 
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cosa 



h 


(7.88) 


A =- 

1 T 1 1 

\(oi~ - (O')' + 4n .0)' 
Tir (7.88) ta co nhung nhan xet sau: 

1. Tntang hap h va co la hang: 

h 


A = 


h 

7 

0 >“ 


i - 


LV 


co 


(0 


A 


+ 


4n .co" 


>V 


( 0 , 


.w, 




Vdi: 


va 


V(~1 - r 2 ) 2 + 4m 2 .r 


m, = — 

co,. 


Kn = 


= A,.K 


cI3 


V(~l - r 2 ) 2 + 4m 2 r 

Lay dao ham K d4 theo r ta co: 

dK <n - 2r.(r 2 + 2m? - 1) 


K t1 , — K t j 3 (r) 


dr 

dK 


[(1 - r) 2 + 4mj.r] 3/: 


suv ra: 


dr 


- = 0 khi r = 0 : r = VT - 2m, va r = 


03 


CO 


r = 0 khi co = 0 hoac co 0 = co nen chi cd dirge khi o) = 0. 

Khi do K, n = K tMmin = 1 ha y A = A ( . 

Khi r tang den r = V7 - 2m 2 thi K d1 dat max: 

~ - - 

2mj . V1 - 2m? 

Ro rang khi do xay ra cong hirdng. Mien tirgng cong hirdng x£d 
phai tai r = I hay co,, = co ma tai r < 1 hay co < co tv 

2. Truong hap h ti le vai co'; h — u.( o' 

Tirong tir nhir Iren ta cd: 

K J4 =--- 


Va 

K d4 dat max khi: 


VO - r 2 ) 2 + 4m?r 
A - K ll4 .u 

1 


r = 


VT - 2 m? 


. (7.89) 

4n 2 .r 
+ — 

(7.90) 

(7.91) 

(7.92) 


(7.93) 
ra nhir th£ khong 

(7.94) 

(7.95) 
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in 


m = 0,2 


m= 03 


m - OA 


Hinh 7.14: Su phii thuoc aj ? voo r. 


m = o,i 


m= 0,2 


m - 0,3 


m '- S/2 


Goc lech pha: a 


TCr tren ta co: 


Hinh 7.15: Su pint thuoc K<j 4 i ‘do r 


tga = 


2 m |. r 

1 -r 


(7.96) 


Khi r = 0 => tga = 0, dao d5ng cirdng bur cung pha vdi lire kich dOng. 

Khi r 1 tga co, a = n/2. dao dong cirdng birc cham pha rc/2 vdi lire kich dong 
Kh i r = oo thi tga tir tt/2 —> tu, dao dong cirdng fyi'rc cham pha 1 goc n. 


Hinh 7.16: Sir phii thuoc cua a van r 










§7.4. DAO D0NG CUONG BUC HE M0T BAC TU DO CHIU KICH D0NG KHONG 

tuAn hoAn 

Nhu da neu d chirong mot phan ti> kich ddng co the la ham co chu ki (tuan hoan 
hoac khdng tuan hoan) hoac ham kich d6ng khong chu ki. Trong he chiu kich dong 
khdng co chu ki, ham kich dong d ve phai cua phuong trinh la mot ham khong the dira 
ve dieu hoa, vi vav vide giai phuong trinh mo ta chuye’n dong khong gidng nhu da neu 
d §7.3. Co nhieu phucmg phap khac nhau de tim nghidm cua he (vi du xem d 121, 151. 
Dudi day chi trinh bay phuong phap bidn thidn hang so Lagrange. 

Phuong trinh vi phan mo ta chuyen dong he dao dong cudng buc mot bac tu do 
co dang: 



mq + bq -f cq = f(t) 

(7.97) 

hay: 

q + 28.q + co^.q = g(t) 

(7.98) 

vdi: 

ga» = M 

m 


Nhu da biet n 

trinh thuan nhat 

ghiem t6ng quat cua he sd la tong ciia nghiem tdng quat 
va nghiem rieng. 

cua phuong 

Nhu da neu d 

§7.3, nghiem tong quat cua phuong trinh thuan nhat co dang: 


q(t) = e *‘.A.sin(cot + (3) = e lM .(C,.cosot + C 2 .sino)t) 


Vdi Cj, C 2 la hang so tuy y phu thudc vao didu kien dau. 


Neu goi: 

qi = e coscot 

(7.99) 


q 2 = e~ 0, .sincot 

(7.100) 

Ta co: 

q(t) = C,.q, + C 2 .q 2 

(7.101) 

Ta tim nghiem ridng q r cua phuong trinh (7.98) co dang C,, C 2 la 
thdi gian. 

ham sd cua 

Khi do: 

q, = q(t) = C,(t).q, + C 2 (t).q 2 

(7.102) 

Thirc hien dao ham theo t: 



q r = q(t) = C,(t).q, + C,(t)q, + C 2 (t).q 2 + C 2 (t).q 2 

(7.103) 

Lai dat: 

C,(t).q, + C 2 (t).q 2 = 0 

(7.104) 

Tir (7.103) co 

q(t) = C,(t).q, + C 2 (t).q 2 

q(t) = CAO-q, + C,(t)-q, + c 2 (t).q 2 + C 2 (t).q 2 (t) 

(7.105) 

Thay (7.101), (7.102), (7.105) vao (7.98): 



C,.q, + C 2 .q 2 = g(t) 

(7.106) 
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Ke't hgp vdi (7.104) ta co: 


—^—. g(t) 

(7.107) 

qi92-qi-q: 


. qi . ■ g(t) 

(7.108) 

9) 92 ~ 9i*92 



Thay qj va q 2 tir (7.99) va (7.100) dirge: 

C, = - — .e w .sincot.g(t) 
co 

C-> = — .e' Sl .coscot.g(t) (7.109) 

(0 

Thyc hien tich phan: 

i 

C,(t) = A —— Je 8l .sincox.g(x).d(x) 

0) 


C,(t) = B + — Je 6t .coscox.g(x).dx (7.1 10) 

CO 

o 

Thay (7.110) vao (7.102) ta co nghi£m rieng can ti'nh cua (7.98): 

i 

q, = — jV lS(1 ~ T) .sin(t -x).g(x).dx (7.1 1 1) 

0) 

O 

Va nghiem tong quat cua (4.2) dirge viet dirdi dang: 

t 

q(t) = e~ <M .( A.coscol + B.sincot) + — J <l_T) .sin(t - x).g(x).dx (7.112) 

« o 

Vi du 121: Khao sat dao dong cua he nhir hinh 7.19. Biet lire klch dong F(t) co dang: 



a) -1 i bj 


Hinh 7.17: ci) Ham kick dong ; b) Do thi dao dong vai D = 0,2. 
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2m.eo 0 co 0 
03 = o ) 0 .VT - D 2 

Can ci r vao ham kich dong da cho, khi khao sat chuy£n dong cua he co th£ phan ra 
nhir sau: 

- Khi t = 0 he dung yen va do do ta co: 

q(0) = 0 ; q(0) = 0 

- Khi 0 < t < t 0 dao dong cua he la dao dong cuang buc va nghiem q(t) co 
dang (7.113). 

- Khi t > t 0 he dao dong tat dan. 

Vi6c nghien ciru ki han vf du n6u tren co the xem trong 121. 
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§7.5. DAO D0NG TUYEN TINH HE NHlfeU BAC TU DO 

7.5.1. Khai niem 

Nhu da thay he phuong trinh vi phan mieu ta chuyen dong cua he dao dOng tuy£n 
ti'nh nhi0u bac tir do quanh vi tri can bang tlnh co the viet dudi dang ma tran nhir sau: 

Mq + Bq + Cq = f (7.114) 

Trong do: 

M, B, C lan luot la cac ma tran hang so va thudng dirge goi la ma tran khoi lirgng, 
ma tran he sd can va ma tran d0 cung. 

- f(t) la ma tran c0t cac ngoai luc tac dung. 

- q = [q h q 2 , q 3 .q n ] T la ma tran toa do doc lap. 

GiCng nhir trong dao dong mot bac tu do: 

- Khi Bq va f(t) la ma tran khdng thi dao dong cua he la dao d0ng tu do khdng can. 

- Khi f(t) = 0 thi he duoc goi la he dao d0ng tir do co can. 

- Khi co day du cac sO hang thi he duoc goi la he dao d0ng cudng buc. 

Dao d0ng tu do cua he 2 bac tu do do trinh bdy trong vi du phan §7.2. 

Nhu sau nay se tha'y viec lap va giai he phuong trinh mieu ta chuyen d0ng (7.114) 
phuc tap hon nhieu so voi viec lap va giai phuong trinh mieu ta chuye’n d0ng cua he 
m0t bac tu do. Nghiem cua phuong trinh (7.114) co the tim bang phuong phap true tiep 
hoac bang phuong phap ma tran dang rieng. 

Trong phuong phap true tiep bieu thuc nghiem q duoc tim co dang ham dieu hoa 
hoac ham mu co so tir nhien, thuc hien cac dao ham q, q va thay vao (7.114) de xac 
dinh cac he s0 c£n thiet cua bi0u thuc nghiem. Phuong phap true tiep thuong chi ap 
dung cho he co bac tir do n < 3. 

Khac voi phuong phap true tiep, phuong phap ma tran dang rieng, bieu thuc nghiem 
duoc xac dinh sau khi xac djnh ma tran dang rieng. 

Do tlnh phirc tap neu tren, dudi day chi trinh bay nhung net co ban khi nghien cuu 
dao d0ng tuye'n tinh nhieu bac tu do. 

7.5.2. Dao dong tir do khong can 

Phuong trinh vi phan mieu ta chuyln d0ng cua he tuyen tinh nhi£u bac tu do co dang: 

Mq + Cq = 0 (7.115) 

Voi M \k C la ma tran vuong cap n voi cac phan tu hang s0 dac trung cho khoi 
luong va d0 cung. 

q la ma tran c0t cua toa d0 tdng quat voi n hang q = [q^ q 2 , q n ] T . 

Gia su nghiem cua (7.115) co dang: 

q = a.sin(cot + a) (7.116) 
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^ T 

Vdi a la ma tran c6t hang sd: a = [a l5 a 2 , ... a n ] 

Thirc hien cac dao ham bidu thuc (7.116) va the' vao (7.115) sau khi dcm gian bieu 
thuc sin(cot + a) ta co: 

(C - co 2 .M).a = 0 (7.117) 

De (7.115) co nghiem khong tarn thudng thi dinh thirc: 

1C - co 2 .Ml = 0 (7.118) 


Phuang trinh (7.118) la phuang trinh dai so bac n va cho phep ta xac dinh dirge cac 
gia tri cua tan sd rieng co k vdi k = 1,2 ... n nen dugc goi la phuang trinh t&n sd hay 
phuang trinh dac trimg. Thay lan lirgt gia tri co k vao (7.117) ta nhan dugc phuang trinh 
de xac dinh cac phan tu cua vecto a k (a k dugc goi la cac vecta rieng). 

(C - co^.M).a k = 0 (7.119) 


Vi du ung vdi k = 1 (hay co 2 ) ta co: 

a i = [aj |, ai2-.- a ln ] T 

Do (7.119) la he phuang trinh dai sd tuyen tinh thuan nhat co dinh thirc he sd bang 
0 nen cac thanh phan cua a k sai khac nhau mot hang sd nhan, nghla la co the chon tuy 
y mdt thanh phan dd suy ra cac thanh phan tie'p theo. Chang han neu chon a lk mdt each 
tuy y va vdi ki hidu: 


v ik = — hoac v- K) = 

a lk 


00 _ 


d k > 


,(k) 


(7.120) 


Ta se co: 


i, k 

= 1, 2, . 

.., n 


ri 

>" 

1_ 

V.n 


V 21 v 22. 

V 2 n 

V = 

• 



v nl V n2 .. 

v nn 


(7.121) 


Ma tran V dugc goi la ma tran dang rieng va moi cot cua no v k = [v n , v 21 , ..., v nl ] T 
cho bie't mdt dang dao dong rieng cua he. 

Nhu da bie't trong he dao dong mot bac tu do bieu thuc: q = a.sin(cot + a) co the 
viet dudi dang khac: 


q = a.(A k .cos(o k t + B k .simo k t) (7.122) 

Ndn nghiem tong quat cua phuang trinh (7.115) se la tdng cac nghiem rieng ddc lap 
tuye'n tinh bieu didn dudi dang (7.122) hay: 
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(7.123) 


n 

q = I a,, .(A K .sin(w k t + a K )] 

k=l 
n 

lioic: q = £ % .(A K .cosoo k t + B K .sinco k t) (7.124) 

k=l 

Vdi A k , B k la cac hang sd tich phan phu thuoc vao dieu kien dau. 

V7 du 2: Cho mo hinh dao dong nhir hinh 7.18. 

Xac dinh ma Iran dang rieng cua he khi C, = C 2 = C va m, = m 2 = m. Viet nghiem 
cua he. 



PH 



c, 

l— 

— 

Cz 1 

— 

— 

O) 

A'VP 

i J 

>a?/ 

P/WH 

J 

* fr >2 


77 ////////////;/// ////S//////77/ 


*» 



Dao dong h£ry iht} nho t 


Doo ddng r/eng tM/fvi 


Hinh 7.18: Dang rieng cita he hai bar nr do 
a) Mb hinh ; b) Cac dang dao dong rieng. 

Tir mo hinh de dang xac dinh dirge bieu thuc dOng nSng T va the nang U cua he: 

1 • ■» 

T = - (m,.qj + mi.q;) 

2 

U = I |(C,.q-; + C,.(q 2 - q,) 2 ] 

2 

Ap dung phirong trinh Lagrange loai 2 ta co phirang trinh mieu ta chuyen dong cua 
he dirdi dang ma Iran nhir sau: 


mi 

o~ 

Qi 

+ 

0 

m 2 

_q 2 _ 



Cj + Ci 

-C 2 



0 


(7.125) 


Tir phircmg trinh (2.117) co: 
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c,+c 2 -c 2 

—C 2 Ci 

Phirang trinh tan s6 cua ht co dang: 

9 

C| + C 2 - aT.mj 
-C 2 

1 / CT | + C 2 C 2 


m, 0 

- w". I 

0 m 2 

-C 2 
C-, - co 2 .m-, 


a i 

Hi 


= 0 


Giai ra ta co: 


--■i( 


+ 


m. 


m-, 




1 f Cj + C 2 C 2 v2 Cj.C 2 


m •,/ rrn.m-, 


m. 


Thay gia tri co| va co 2 vao (7.126) ta co aj va a 2 
- Ung vai co 2 : 


- Ung vai co 2 : 


[Tc, 

+ c 2 

<*s 

u 

1 


nu 

Oil 

IL- 

c 2 

C 2 

-COj. 

0 

m 2 j 

ffc, 

+ c 2 

- c 2 


ni] 

oil 

i- 

c 2 

c 2 

- co;. 

0 

m 2 J 


an 

a 2t 

3] 2 
'dii 


= 0 


= 0 


Hay: 


Suy ra: 


(C] + Ci - C 0 ].m,)a|| - C 2 a 2 j — 0 
-C 2 a[ ] + (C 2 - o)|.mi).a 2 | = 0 

C| ■+■ C-> coy.ni] Ci 


= X, 


(7.126) 


(7.127) 


(7.128) 


(7.129) 


a i i C 2 C 2 — wi.m 2 

Nhir vay cac phan ta cua ch6nh nhau m6t so nhan 

Hoan toan tirang tir cac phan tu cua a 2 cung chenh nhau mot so nhan X 2 . Do a n va 
a 2l chon tuy y nen neu ta chon a n va a 2] deu b&ng 1 thi d t dang nhan dirge: a 2 , = kj.au 
va a 22 = X. 2 a ]2 , tir do co the viet lai (7.129) nhir sau: 


. a, 



r 



1 


1 

a, = 

a n 

= 

c, 

*> 

+ C 2 - co^m I 

•an = 

c 2 


a-> ] 



c 2 


Ci co j. nil 


_ — 


“ 

i 


1 

a 2 = 

a 12 

= 

C, 

+ C 2 - co 2 .m, 

• a 12 = 

C 2 


a 22 


c 2 


C 2 - co 2 .m 2 


. a 


12 


Khi C, = C 2 = C vh m, = m 2 = m dl dang tinh dirge: 
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V|| 

Vi 2 


1 1 

_ v 2, 

v 22 


1,62 -0,62 


Bieu do dang dao dOng rieng dirac trinh bay d hinh 7.18b. Tu bi£u d6 ta tha'y rang 
d dang dao d6ng rieng v n va v 21 cung dau hay cac khoi m,, m 2 dao d0ng cung pha, 
con d dang dao d6ng thu hai thi ngirorc lai. 

Tir (7.124) va (7.129) co the vie't nghiem tong quat cua he dirdi dang sau: 


hay: 


q = 


qi 


a ll 

92 


a 21 


A,.sin((o,t + + 


a 12 

a 22 


A 2 .sin(co 2 t 


+ a 2 ) 


(7.130) 


q, = a I1 .A,.sin( 0 D 1 t + a,) + a 12 .A 2 .sin(co 2 t + a 2 ) (7.131) 

q 2 = a 21 .A 1 .sin(co,t + + a 22 .A 2 .sin(co 2 t + a 2 ) 


Vi: 

Nen: 


— - va — = X 2 va chon a n , a J2 = 1 

a 11 a l2 

q t = A,.sin((o,t + a t ) + A 2 .sin.(co 2 t + a 2 ) (7.132) 

q 2 = A.,.A 1 .sin(co,t + a,) + ?i 2 .A 2 .sin(co 2 t + a 2 ) 


7.5.3. Dao dong tir do co can 

Phuang trinh vi phan cua dao d6ng tu do viet dudi dang ma tran co dang sau: 

Mq + Bq + Cq = 0 (7.133) 

Nghiem cua phircmg trinh dirac tim dirdi dang: 

q = Z.c Kt (7.134) 

Thuc hien dao ham (7.134) rdi the" vao (7.133) ta co: 

(C + XB + X 2 M)Z = 0 (2.135) 

Di6u kien can va du de° vecta Z khdng phai IS nghiem t&m thirdng la: 

P(X) = det(C + XB + X 2 M) = 0 (7.136) 

Da thuc P(X.) la da thuc bac 2n vdi n la sd" bac tir do cua he. 

Nghiem cua da thdc nay ho$c la sCi thuc hodc la sd phdc lien hap. Nhir da bi£t trong 
he m6t bac tu do, ne'u nghiem cua P(X.) la thuc thi he khOng phai la he dao ddng n6n 
khdng xet. 

Xet trirdng hcrp nghiem cua P(X) la so phdc lien hap. 

X k = - S k ± i.03 k (7.137) 

Trong do a> k la t£n sd rieng cua cac dao d0ng tu - do khi co can. 

Goi Z k la cac vecta rieng cua phdc lien hap dng vdi X k ta co: 
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Z k = u k ± iv k (7.138) 

Khi do nghiem tdng quat cua he la tong cua cac nghiem rieng ddc lap tuydn tinh va 
co dang sau: 

n 

= [A k (u k cosco k t - v k sinoo k t) + B k (u k sinco k t + v k cosco k t] (7.139) 

k=I 

GiOng nhu dao d0ng ty do cua he mdt bac ty do co can, dao dong ty do cua he n 
bac ty do cung la dao d 0 ng tat dan. Do dieu kien thcri gian va do vi0c gia (7.133) phuc 
tap va da dupe trinh bay kl trong cac giao trinh dao d 0 ng nhu /2/, /4/, 151 nen khong di 
sau a day. 

7.5.4. Dao dong cutyng birc he nhi£u bac ty do 

Phucrng trinh vi phan mieu ta dao d 0 ng cudng buc cua he nhieu bac ty do vie't dudi 
dang ma tran co dang: 

Mq + Bq + Cq = f(t) (7.140) 

Neu so hang Bq = 0 thi dao dong cua he dupe goi la dao d 0 ng cudng buc khong can. 

Ddi vdi ham kfch dong co chu ki, mpt each tong quat co the viet dudi dang: 

n 

f(t) = Sq + X (ak- cos k°>l + b k .sinkcot) (7.141) 

k=l 

De tim nghiem cua (2.140) ta su dung nguyen If cong nghiem tu cac phucrng trinh sau: 


Mq + Bq + Cq = a 0 

(7.142) 

Mq + Bq + Cq = ( 3,4 .coskcot + b k .sinkcot) 

k=l 

Nghiem cua phucrng trinh (7.142) dupe tim dudi dang: 

(7.143) 

q 0 = v 0 

Thay (7.144) vao (7.142) ta co ngay: 

(7.144) 

CV 0 = a 0 

Nghiem cua phuong trinh (7.143) dupe tim dudi dang: 

(7.145) 

q k = u k sinkcot + v k cosko)t 

Ta co: 

(7.146) 

q k = k.co.(u k coskcot - v k sincot) 

(7.147) 

qk = - k 2 .or(u k sinkcot - v k coskcot) 

Thay (7.147), (7.148) vao (7.143): 

(7.148) 
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(7.149) 


~C-kVM 

-kcoB 

u k 


bk 

kwB 

C - k VM 

v k 


3k 


Tu (7.149) xac dinh dirge cac vecto u k va v k 

Nghidm t6ng quat cua (7.141) co dang: 

11 

q = V H + X (u k .sinko)t + v k .coscot) 

k-1 

Vf du: Cho mb hinh dao ddng hinh 7.19. 

Xac dinh tan so rieng va nghiem cua dao dong 
cirdng hire cua he. Bibt lire tac dong vao khoi lirgng 
m, la F(t) = m 0 .r.o) 2 .sincot. 

Tir hinh 7.19 dd dang biet bieu thirc dQng nang T 
va the nang U cua he nhir sau: 

-T 1 / ' 2 '2% 

T = - (m,q, + m^) 

2 

U = “ [C t q; + C 12 (q 2 - Qi) j 

Ap dung phirong trinh Lagrange loai 2 vdi 4> = 0 
ta co: 

m ]9i + (C, + C 12 )qi - C ]2 q 2 — F(t) 

m 2 q 2 - C 1 2 q | + Cj 2 q 2 = ^ 



Hinh 7.19: 


hay: 


9i + 


C, +C„ 


•qi 


-^. q2 = M 


m, 


m, 


m 


Ci? 


—— .qj 4-— .q 2 = 0 

m, m-, 


Neu dat: 


C,4-C, -> C)2 i 

—- r = YJ; — = y; ; F 0 = m 0 .r.co 

mi m 2 


Ta co: 


q ( + Yl-qi 


Cp F 0 . 

—— .q 2 = —^ .sincot 


m 


m 


Cp 


q 2 + Y 2 -q 2 —^qi = 0 

m-> 


Neu vid't dirdi dang ma tran ta co: 


(7.150) 


(7.151) 
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1 0 qi 
0 1 q 2 


71 

+ Ci -) 


q. F(t) 


Phuang trinh tdn s 6 rieng co dang: 

1 1 

71-®' 

A = det!C - co 2 MI = C.-. 


m, =0 


Suy ra: 


j m 2 y 2 -co“| 

A = (77 - ® 2 )(7? ~ ® 2 )-= 0 

m,.m 2 

= ill ± if Mil?): - Y ;. Y ; + -£L 

2 I 4 m^rrh 


Neu cho gia tri cua cac tham so cua he ta hoan toan tinh du-qc co, 2 (tham khao 121). 

Do he la he dao dong cirang buc khbng can (B = 0) va ham kich d0ng F(t) co dang 
F 0 .sincot nen neu chi xet dao d0ng cirang birc (khi dao d0ng tu do da tat) thi dira vao 
(7.146), ta dat nghiem dao d0ng cirffng hire dirdi dang: 


.sincot 


Thirc hien dao ham va the vao (7.151) : 


(YT - “ 2 )V, - —V, = i - Sjv, + (y; - <o 2 ).V 2 = 0 
m, m, m, 


Suy ra: 


V, = 


75 “ ®* 


mi , 7 , a 

( 7 T - ®‘)(75 - or ) - — 
m,.m 2 


(7.152) 


V, =-^-12.---— (7.153) 

m i- m 2 , , , , CD 

( 71 - 0 ( 75 -®-)-—— 

m|.m 2 

De thay rahg khi co = co, va co = co 2 thi mau so bi0u thirc (7.152) va (7.153) se bang 
khOng, hay khi do x^y ra c0ng hirdng. Mot each tdng quat khi he co n bac tir do se co 
n tan sA rieng co,, co 2 ..., co n . Va v6 li thuy0t co the tim dirge n vi tri xay ra c0ng hirang. 

§7.6. KHAI NIEM VE DAO DONG PHI TUYEN 

Nhir da neu trong §7.1, dao dbng he phi tuyen dirge mieu ta b&ng he phirang trinh 
vi phan co he s6 khac hang. 
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Do tinh phirc tap cua he, dirdi day chi xin nSu khai ni 6 m so lirgc ve he dao dong phi 
tuyen mdt bac tir do. Viec nghi&n ciju sau hon co the tham khao 141, 151. Mot each tdng 
quat phirong trinh vi phan mieu ta chuyln dong he phi tuyen mot bac tir do co dang sau: 

aq + g(q, q. t) = 0 (7.154) 

Vdi: 


- q toa do suy rong 

- g(q, q, t) la ham phu thude vao toa dd. van toe suy rong va thdi gian. 

Neu tir ham g(q, q, t) co the tach ra thanh ham gi(q,q) va f(t) thi (7.154) dirge vie't 
dudi dang: 

aq + g,(q, q) = f(t) (7.155) 


Khi f(t) = 0 ta co: 

aq + gj(q, q) = 0 

He phirong trinh mi&u ta chuy£n dong dirdi 
dang (7.156) dirge goi la he auto-nom, con dirdi 
dang (7.155) dirge goi la h£ hecto-nom. 

De’ lam sang to khai niem tren ta xet mdt sd 
vi dii sau: 

Vi du 1: Thiet lap phirong trinh chuyen dong 
cua con lTtc d hinh 7.20. 



(7.156) 


Goi q = <p ta co: 


T = 


1 2 
— m. v 

9 


= — m.(/.<p ) 2 
2 


Hinh 7.20 


U = — m.g.h = — m.g/.coscp 
2 2 

Ap dung phircrng trinh Lagrange loai 2 ta co: 

o • * 

m./".(p + m.g./.sin(p = 0 
hay: {p + to 2 , simp = 0 


(7.157) 


Vdi: co 2 = & 

Co th 6 viet (7.157) dirdi dang sau: 

a.cp + g(q) = 0 

Vdi: q = ( p ; a = 1 ; g(q) = w 2 .sin(p 

Phirong trinh (7.157) la phirong trinh vi phan phi tuydn vi co'he so khac hang. 

Neu xem goc 9 la nhd, mot each gan dung ta co sin cp ~ (p va do do (7.157) co dang: 
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(7.158) 


• • 0 
(p 4- 0)„.9 = 0 

RO rang phirong trinh (7.158) la phirong trinh vi phan tuyen tinh. Gia thidt n£u tren 
da cho phep chuyen he vi phan phi tuyen thanh he vi phan tuyen tinh. Phep chuydn doi 
nay dupe goi la phep tuyen tinh hoa 141, 151. 

Vi du 2: Cho so d6 dong va mo hinh cua mdt c^u true nhir hinh 7.21. 



Hinh 7.21: Mo hinh edit true 
a) Sa dd ; b) Mo hinh dong lire. 

Cho triroc: 

C - do ciing tirong dtrong cua ke't cau thep; 
m, - khoi lupng vat nang; 
m - khoi lupng quy d6i v6 xe con; 

/ - chidu dai cap nang; 

Bo qua bien dang dan hoi cua cap. 

Yeu cau: Lap phirong trinh chuyen dong cua he. 

Chon toa do tong quat q t va q 2 : q t = x ; q 2 = (p 
Ap dung phirong trinh chuydn dOng Lagrange co dang: 



vdi: q, = x 

q 2 = tp 

X 1 ' 2 . 1 2 

T = — m.x + — m->. v 

2 2 " 

Xet khdi lupng 

Chuyen vi cua khd'i lupng irq co the phan theo phuong x va y: 
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-) "1 *> 
V = V“ 4- V 2 = Vj 4- V5 


V x = —(x + /.cos(p) = x - /.cp.sincp 
dt 

V v = —(/. sin(p) = /. cp.coscp 
dl 

-j • ■ -) • ^ 

V - = (x - /.cp.sincp)~ + (/.([>.coscp)" 

= x 2 - 2/.cp.sincp.x + / 2 .cp“.sin 2 (p + / 2 .qr.cos 2 cp 
= x 2 - 2/.(p.x.sincp + / 2 .(p 2 

] ^ 

U = — C.x" + m,.g./.coscp 
1 


Ham Lagrange co dang: 

I r *9 * *) ♦» I 

L = — m.x + m,.(x“ - 2/.(p.x.sincp 4 /'.cp~) - C.x~j - mj.g./.coscp 

^ = (m -f m,).x - m,./.cp.sincp 
d\ 

— f = (m+mj.x- m t ./.(p.sin(p - m,./.cp 2 .cos(p 
dt V d\J 

= (m + m,).x - m,./.((p.sin(p - (p 2 .coscp) 

=-/.m,.x.sin(p 4- / 2 .cp.m, = /.m,.((p./ - x.sincp) 
ckp 

~() = /.m,.((p/ - x.sincp - x.cp.coscp) 
dt v dtp ' 


dL 

dx 


= - C.x 


— = - m,./.x.(p.cos(p - m ) .g./.sin(p = -mj./.fg.sincp 4 x.cp.coscp) 
dtp 

Phirang trinh mien ta chuyen ddng cua he co dang: 

l(m + m,).x 4 cx - m,./.cp.sincp - m 1 ./.cp 2 .coscp = 0 

lm,./ 2 .(p - /.nij.x.sincp - l.m^x. cp.coscp 4 nij./.xcp.coscp 4- m,g./.sincp = 0 


hay: 


J(m + m,).x 4- cx = m t ./.(cp.sincp + cp 2 .coscp) 
lm 1 ./ 2 .cp - m,./.x.sincp + m|.g./.sincp = 0 
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Bang each them vh bat vao phirang trinh 2 m0t dai luang m^g./.cp ta co: 

{ (m + m,)x 4 c.x = mp/^tp.sintp 4 tp 2 costp) 
m,./ 2 .tp 4 m,.g./.tp = m,./.[(x.sintp 4 g(tp - sintp)] 

Hay: 

^ m,./ •• . 

x 4 co 10 .x = - - -((p.sincp 4 tp'.costp) 

I in + m, 

9 4 co; 0 .tp = —.sintp 4 o) 30 .(tp - sintp) 

, ^ 

Vai. cqjq = - va WiQ — 

m 4 m, “ / 

D6 dang tha'y duac he (7.159) la he phirang trinh vi phan phi tuyen. 


(7.159) 


293 



Chmrng 8 

D0NG LUC HOC MAY CO KHAU CUNG TUYET DOI 


§8.1. KHAl NIEM 

Nhu da biet trong giao trinh nguyen li may, hai dang bai toan co ban khi nghien cuu 
ddng lire hoc may co khau khong bie'n dang dirge dat ra nhir sau: 

Bai toan tint nhcit: Cho trirdc ngoai luc nhir trong lirgng cac khau, luc ma sat, lire 
can cong nghe... 

Xac dinh quy luat chuyen ddng q(t) cua khau dan va tir do xac dinh quy luat chuye’n 
dong cua cac khau bi dan va cac lire, irng suat tac dung len cac khau, khdp dudi tac 
dung cua cac lire da cho. 

Bai toan tlur hai: Cho trude quy luat chuyen ddng cua khau dan q(t), xac dinh cac 
luc tac dung len may gom ngoai lire va ndi luc, irng suat cua cac khau khi may 
chuyen dong. 

Thuc ra bai toan thLr hai chi giai dirge khi bai toan thu nhat da giai xong, tuy nhien 
trong nhieu trirdng hgp de don gian bai toan thu hai dugc giai vdi gja thiet q(t) = hang. 

Khi da chon luge dd co cau va may, cac bai toan tren thudng dugc giai theo cac 
trinh tu sau: 

- Lap phuong trinh mieu ta chuyen dong cua may (hoac co cau) va xac dinh quy luat 
chuyen dong cua may. 

- Tinh toan lire, ung suat. 

- Thuc hien bien phap ki thuat de giam tai trong dong luc nhu lam deu chuyen dong, 
can bang chi tiet quay, can bang co cau va may, can bang hoac di6u chinh chuyen dong 
giam tai dong, lam giant tieng on, giam bi6n dd dao ddng... 

Nhu da neu d tren cac bai toan dat ra da dugc d£ cap trong giao trinh nguyen li may, 
do vay dudi day chi de cap nhung van de co ban co lien quan chu yeu den viec lap va 
giai phuong trinh mieu ta chuye’n dong cua he phang. Viec tim hid’u sSu hon co the’ xem 
trong 111, 121, 141, 151... 

§8.2. PHUONG TRINH CHUYEN D0NG 

8.2.1. Khai niem co ban 

Md hinh tinh toan cua may co khau cung thuc chat la mot he co hoc ma vi tri mdi 
vat (khau) dugc hoan toan xac dinh khi biet vi tri cua khau dSn hoac nhieu khau din. 

Gia su may co n khau dong, gia 1 va khau dan 2 (hinh 8.1). 

Xet khau i bat ki trong he toa dd tuyet doi xy va he toa dd luong dd'i gan vdi 

v ^t n£,- 
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Goi: 

S - trong tam cua vat co toa dd la 

(X si , Y si ) hoac (rj Si ; 5si); 

nii - khd'i lirgng vat; 

J Sl - mdmen quan tinh; 

Mj, F xj , F yi - mdmen va ngoai luc 
tac dung ldn vat i; 

Toa do tong quat q; (q = (p 3 ). 

Do la chuyen dong ph&ng ndn vi 
tri cua khau i dirge xac dinh hoan 
toan khi biet X Sl ; Y Sj va (pj. 



Hinh 8.1: Khdu co chuyi'n ddng phdng 


D£ thay rang X si , Y Si ; ip, la ham s 6 cua q. 


Hay: 


Do q = q(t) nen ta co: 


Xsi - X Si (q) 
Y Sl = Y si (q) 
<p> = <PiCq) 


( 8 . 1 ) 


( 8 . 2 ) 


Xsi - X Sj [q(t)] 

Y si = Y Si [q(t)) 

<Pi = <Pi[q(t)] 

Nhir da bid) chuyen ddng cua he phu hgp vdi lidn kd't se hoan toan xac dinh khi bidt 
quy luat chuyen d0ng cua khau dan q. Nhir da ndu trong chuong 2 dd’ thifit lap phuong 
trinh mieu ta chuyen ddng cua hd ta ap dung phuong trinh Lagrange loai II co dang sau: 

d, STx &L 
dt( dq) dq k 

Vdi: 

T - dong nSng cua hd; 

Q - lire quy d6’i ve khau dan. 

Xac dinh dong ndng T: Ddng nang T cua he dugc viet dudi dang sau: 


(8.3) 


T = |Z[ m idsi +Y5i) + i Si .r] 

i = 2 

Chu y d£n (8.1) va (8.2) ta co: 


(8.4) 


X s , = 


Y Si = 


dX 


dt 

dY Si 


Si _ 


dX 


s. dq 


dt 

4>i = <Pi • q 


dq dt 
d Y St d£ _ 
dq dt 


x: 


si - q 


= Y 


si • q 


(8.5) 
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Tirang tir nhu tr6n, khi tie'n hanh dao ham bac 2 theo t cua X Sj , ta c6: 
_ d 2 X Si dX Si _ dXj, . v> dq 

— - — - — - n _1_ V _ . - L — 


^Si(Q* 0 ■> 

dr 


dt dt q + X Si = X Si (q >- + X S.( q )- q (0 < 8 - 6 ) 


T = iq 3 I UXi.+ Y^ + Js,. 

I l _ -y L 


9; 


i2l 


Goi: 


Ta co: 


S [^(X’i + Y^ + J^.qif] = J(q). 


T = |j(q).q 2 


(8.7) 


MOt each tirang tu co thd lay dao ham bac hai cua Y Si va ip, theo t. Viet mOt each 
tdng quat ta co: 

Xsi(q.t) = Xs',(q)q 2 (t) + Xsi(q).q(t) 

Y Si (q,t) = Yj,. (q).q 2 (t) + Yj,(q). q(t) 

9i(q.O = <p,(q) q2 (0 + <pi (q)q(O 

Thay (8.5) vao (8.4) va rut gon: 

n 

1 ■ 2 

i= 2 


( 8 . 8 ) 


(8.9) 


( 8 . 10 ) 


Vdi: J(q) dugc goi la mdmen quan tinh thu gon. Tir (8.8) va (8.9) co the rut ra cac 
nhan xet sau: 

- DOng nSng dugc sinh ra tu dai lugng thu gon J(q) bang d0ng ning sinh ra cua tat 
ca cac khiu chuye’n dbng cua may. 

- Dai lugng thu gon J(q) co thu nguydn la momen quan tinh nOu khau thu gon q la 
khau quay va co thu nguy6n la khd'i lugng n£u q la khau chuy^n dOng thing, khi do co 
the vi£t la m(q). 

- Gia tri cua J(q) lubn luOn duang va khbng phu thuOc vao hudng chuy^n d0ng cua 
ca cau. 


Xdc dink lire thu gon: 

Luc thu gon la lire dat a khau thu gon. 

Xuat phat tir dieu ki6n can bang v6 c6ng sinh ra cua lire thu gon phai bang tO’ng edng 
sinh ra cua cac ngoai luc F Xi , F yi , Mj tac dung 16n ca cau ta co: 


dW = Q.dq = L (F xi . dXj + F yi . dyi + Mj.dcpj) (8.11) 

i = 2 

Vdi X r Yj, ip, la toa do va goc quay diem dat luc va khau chiu mbmen. 
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Chia hai v0 (8.11) cho dt ta co: 



~ d^ " dy, dcpjv 

v dt i=2 V Xl dt y ' dt 1 d tJ 

( 8 . 12 ) 

Hay: 

n 

Qq = 2(F xi X’ + F,i-Y’ + M i .(p’).q 

\ = 2 

n 

(8.13) 

Suy ra: 



Q = I (F x ,X 1 ' + F y ,Y i '+M,<p;) 

(8.14) 


Khac vdi mdmen quan tinh thu gon, lure thu gon Q phu thu 0 c vao cac ngoai luc kf? 
ca lire phat d 0 ng n 6 n trong trirdng hap tdng quat Q = Q(q, q, t). 

Thu nguydn cua Q la thu nguyen cua m 6 men neu toa d 0 t 6 ng quat q la goc quay 
va la thu nguyen cua luc neu toa do tdng quat la chuyln vi th&ng. 

Phieong trinh mieu tci chityen dong cua hi: 


Thay cac phirang tiinh (8.10), (8.11), (8.14) v&o phuang trinh Lagrange loai II (§7.3): 
ST 

- = j (q) . q 

ii(S) = m J(q)q2 + J(q)= J ’(q)q 2 + J(q)q 


ST 

dq 


y( q)q : 


Suy ra phuang trinh mieu ta chuy£n d 0 ng cua may khi q la goc quay tp co dang: 


HoSc: 


-1 -9 

J(cp).9 + -J’(9) <P" = Q(<P.<M) 


(8.15) 


m (x) x + 


1 


m’ (x) .x 2 = F(x,x,t) 


8.2.2. Vi du 

Cho sa <J 6 tai n£ng nhu hinh 8.2. Gia thidt cac 
khau cung tuy 0 t ddi, kh 6 'i lugng c&p bd qua. 

Mdmen quan tinh cac banh rang J 2 , J 3 , J 4 bang 
hang, khau 2 la khau dan. Hay lap phuang trinh 
mieu ta chuyen d 0 ng cua h£. 


(8.15a) 



Tu sa dd ca cau ta co: 


Hinh 8.2: So do co edit ndng cua edn tryc 
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is _ r-> Tj 4 

<Pi =-- • <P2 ; 94 - — • — • <P2 

hi r 32 r 4 

rj4 , 

y$5 - 92 • • r 2 ^ 

r .32 

Tu (8.9) ta co: 

n 

J(<P 2 ) = m,.(Xs 5 (cp 2 ) + Yg 5 ((p 2 ) + J S i-9?-(92>] ( 8 - 16 > 

Vdi: 

ri _ , 

92 (92) = 1; 93(92); ~ 132 

r 32 


= 21. . £34 = i 42 ; Y; 5 ((Pj) = r, . r Ji 

hi r 4 hi 

Do chi xet chuyen dQng thing du*ng nan X’ ss (ip 2 ) = 0. 

Thay cac bi£u thuc vura tim vao (8.16): 

J(cp,) = J 2 + J 3 .4+j 4 .i3, + m 5 /r,-—) (8.17) 

\ f 22 / 

Tu (8.17) tha'y ngay J(<p 2 ) = const vi gia tri dtrong khdng phu thubc vao ti s 6 truyan i. 
Ap dung phirong trinh (8.17) ta co phuong trinh mieu ta chuyen d6ng cua he dirge viet 
dirai dang sau: 

£ J 2 + J 3 -I 32 + ^ 4-142 + m 5 .( r 2 J.ip 2 + m 5 g.(V = M 2 (8.18) 


§8.3. PHUONG PHAP GIAI PHUONG TRINH CHUYEN DONG 

8.3.1. Khai niem 

Phirang trinh (8.15) va (8.15a) la phirang trinh t6ng quat miau ta chuyen dCng cua 
may co khiu cirng. 

Viac giai (8.15) hoic (8.15a) cho phep hoic li xac dinh quy luit chuyen d6ng cua 
khau dan q(t) ndu bia't Q(q, q, t) hoic la ngugc lai khi da bia't q = q(t) co the tim dirge 
Q = Q(q, q, t) gay ra chuyen d0ng da cho. Tuy nhian do tinh phi tuya'n cua (8.15) ham 
q = q(t) trong trirong hgp tdng quat chi co th£ giai gan dung bang phirang phap s6'. 

Ham q(t) chi nhin dirge dirdi dang giai tich trong trirbng bao toan, noi khac di khi 
cac ha so cua (8.15) la hang hoic chi phu thude vio chuyen vi. Co nhi£u phirang phap 
d£ giai gdn dung phirang trinh (8.15) song thudng hay sir dung la phirang phap d6 thi 
khai trian theo chu6i vi phirang phap runge-kutta. 111, 141, 151... 
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Tr^ng thai chuyen dOng cua may 
phd bie'n gdm 3 giai doan: khdi dCng 
(rad may), chuyen dOng 6n dinh va 
tat may (hoac phanh) trong do giai 
doan chuyln dOng 6n dinh la giai 
doan lam viec cua may (hinh 8.3). 

Vdi nhtfng may nhirvay, dac biet vdi 
may co van td'c cao, muc dich vide 
nghidn ciru cua dOng Itrc hoc may la 
sau khi da xac dinh dugc quy luat 
chuyen dOng q = q(t), thuc hi6n cac 
bi6n phap k! thuat hoac la de giam 
toi da bien do dao ddng cua van tdc 
hoac la dira may trd lai chuyen dOng 
binh On, to do lam giam tai dOng phu tac ddng len may va ca cau. Ndi dung cac c6ng 
viec neu tren da dirge trinh b£y trong giao trinh nguyen li may hoac c£c tai lieu tham 
khao nen khdng trinh bdy d day. 

Tuy nhien mOt sd' may, nhir c£n true, may xuc, may ep... do dac di£m cOng vide 
thudng lam viec chu ye'u d giai doan khdi dOng va phanh. 

Vdi cac loai may ntu tren muc dich cua viec nghien ciru dong lire hoc may la xac 
djnh tai trong dong luc phat sinh trong qua trinh lam viec thdng qua viec giai phirong 
trinh chuyen dong va tir do tim cac bien phap kl thuat de han ch£ td’i da tac hai cua tai 
trong dong phat sinh va la tai trong khi tinh toan thiet k6’. 

8.3.2. Qua trinh khdi dong ho£c phanh 

Trong qua trinh khdi dong may chuye’n tir trang thai dirng y6n den trang thai chuydn 
dOng vdi so vdng quay danh nghla trong khoang thdi gian ngSn. De’ dl hinh dung, xet 
trudng hgp khdi dong may khi mdrnen quan tinh thu gon J va mdmen M la hang s 6. 
Khi do phirong trinh mieu ta chuyen dOng may (8.15) co dang: 

J.cp = M (8.19) 

Tich phan phirong trinh (8.19) ta co: 

(j, = M.t + c, 

cp = — .r + c,.t + c, ( 8 . 20 ) 

2J 

Gia sir co di6u ki6n dau khi khdi ddng: 

t = 0; cp 0 = 0; % = 0 



Hinh 8.3: Cac giai doan chuyen dong cua may. 
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Goi thoi gian khdi dOng la t a , van tdc danh nghia can dat tai t a la cp a (hay co) chu y 
ddn (8.19) va (8.20) ta co: 


J.(p J.co 
M ” M 


<P » - 


J.or 

2M 


( 8 . 21 ) 


Tir (8.19) va (8.21) d6 thay r&ng gia tdc khdi d0ng q> a hay e va thoi gian khdi ddng 
t a phu thudc v&o M va J, vi vay khi thiet kd phai chon J va mdmen khdi ddng sao cho 
thoi gian khdi dOng la nho nhat cd th€ vdi gia tdc e co the chap nhan dirge. 

M0t each tirang t u ta co th£ xet qua trinh phanh bang each thay ddi didu ki$n bidn 
va dau cua lire thu gon. 


8.3.3. Qua trinh chuyen dong 6n dinh 

Trong giai doan chuyen ddng On dinh van tdc khau dan thay d6i cd chu ki. 
Dai lirgng dSc trung cho giai doan nay la he sd khdng d8u 8. 

c- _ ^Pmax — ^Pmin _ ®max ~~ ®min 
O ~ : — 

9lh w tb 


Vdi: 


( 8 . 22 ) 


®tb 


^max ^min 
2 


rr, „ ®max ®min 

Taco: 5 = 2- (8.23) 

®mox ®min 

Dd thay gia tri cua 8 nam trong khoang: 

0 < 8 < 2 (8.24) 

He sd 8 cang nho chuyen ddng cua may cang d£u va ngirge lai. Di£u nay ra't quan 
trong vdi may lam viec lau dai vdi viin tdc cao. B8 dam bao gia tri 8 nSm trong pham 
vi cho phep khi thiet kd ngirdi ta thirdng lam tang mdmen quan tinh cua may bang each 
lap them vao may khau quay cd mdmen quan tinh J tI . Khau nay dirge goi la banh da. 
Di thu gon kich thirdc, banh da thirdng dirge lap d khau cd van tdc cao. Do vide tinh 
toan banh da, tinh toan phan lire khdp ddng, can bang vat quay, can bang may va di6u 
chinh chuyd’n ddng da dirge trinh bay k! trong giao trinh nguydn li may da hoc hoac 
trong cac tai lieu tham khao 111, 141, 161 nen khdng neu chi tiet trong giao trinh nay. 


8.3.4. Vi du 

Cho co cau xe con ciia edn true cd so dd nhir hinh 8.4 • 
Cho trird'c: Khd'i lirgng toan bo xe con m = 1500kg 
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Momen quan tfnh thu gon v6 true d6ng ca cua dong ca, khdp noi, b6 truy6n 
J M = 3,6kgm 2 . 

Momen quan tinh cua banh xe J R = 0,lkgm 2 . 

Ban kinh banh xe R = 16cm . 


Ti s6' truyen giCra d0ng co va banh xe di chuyen i = 24,6. 

Bo qua lire can ma sat. 

H3y xac dinh momen M cua dong ca sao cho tCr vi tri dung yen sau 3,6 giay xe con 
dat dugc van tdc v = 40m/ph. 


Hinh 8.4: So do co edit 
xe con ciio edn true 
]. Dong co; 

2. Khop noi; 

3. Bo truyin; 

4. Banh xe di chuyen; 

5. Khung xe. 



Do khau dan la khau quay nen phuang trinh chuy6n dong cua may co dang: 


J(<P)-<P + ~ J’(<p)-<p 2 “ M 


Theo (8.9) ta co: 


J(<p) = I 


+ Y|i) + J Si .cpf 


(8.25) 


(8.26) 


Goi quang dudng di chuyen cua can true la S ta co: 

S = R.(p K 

Theo dau bai: 


Suy ra: 



<Pr = (P • T “ <Pr(<P) 
1 


<pr(<p) - 


d<p r 

dtp 


\ 

i 


(8.27) 
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Va: 

S(q>) = ~ = T* R 

d(p l 

(8.28) 

Chu y den (8.27). (8.28) cd th£ viet (8.26) duoi dang sau: 



J(cp) = S [m(S 2 ((p)) + 4J r . cpj (cp) + J M 

(8.29) 

Suy ra: 




R 2 1 

J(cp) = y) + 4 J r • - + J M = hang 

(8.30) 

Do J(tp) 

= hang n£n phirong trinh chuyen d6ng cua co cau cd dang: 



J((p).(p = M 

(8.31) 


Goi gia tA'c trong qua trinh chuyd’n dong la <p ta cd: 

•• _ ( P:, _ «a 

(p- 

t a t a 

Voi co a la van tdc goc cua d0ng co tai thdi diem t.,. 

to. - „ V 

Biet: — 1 = 1 va co R = — 

®R R 

i.V 

Suy ra: a - - (8.32) 

R • t a 

Thay s 6 vao (8.30), (8.32) va sau do (p vao (8.31) ta co M = 104 Nm. 

Nhir vay neu cho trireme gia toe khi khdi ddng, gia tri cua J(<p) quyet dinh gia tri 
momen khoi dong M. 
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Chutmg 9 

CAC MO HINH D0NG LUC HOC 
THUONG GAP TRONG MAY XAY DUNG 

§9. J. KHAI NIEM 

May xay dung la mOt trong nhi6u linh vyc cua nganh chb tao may, vi v$y ndi dung 
bai toan ddng lyc hoc may xay dirng khong tach rui ndi dung cua bai toan ddng lire 
hoc may. Song do dhc die’m ve nguyen H lam vide, vd tinh nang kl thuat, vd lire can 
cong nghd... nen noi dung bai toan ddng lire hoc may xay dung rat da dang. 

Theo noi dung co the phan scr bo bai toan dong lire hoc may xay dirng thanh cac 
nhom chinh sau: 

Nhom 1: Nghien cuu, tinh toan anh huong cua tai trong dong lire phat sinh trong qua 
trinh lam viec den cac chi tiet, cac cum chi tiet, cac co cau dan va truyen d6ng, edng 
nhu dfi'n cac ket cau co lien quan nhu k£'t cau thep, niong may... 

Tuy theo noi dung nghien cuu ngucri ta su dung hoSc la md hinh may co khau cung 
tuydt doi hay noi khac di khong xem xet d^n chuyen d5ng tuong ddi gida cac khau do 
bie'n dang dan hoi, hoac la cac mo hinh ma giCra cac khau co khoi luong duoc nbi vdi 
nhau bang cac phan tu dan hoi va giam chan co hoac kh6ng co khoi luong. 

Mo hinh may co khau cung tuyet doi thuong duoc dung khi nghien cuu, tinh toan 
thoi gian md may, thdi gian phanh, tinh toan phan lire khdp dong, tinh toan mong may... 
(xem chuong 4, chirong 8 va chuong 10). 

Mo hinh co ke den sy dan hoi cac khau thuong gap trong tinh toan ddng lyc hoc cac 
co cau nang, co cau quay, co cau di chuy6’n cua can true, may xuc, thang may, on dinh 
dong lyc... 

Khi tinh toan ben cac chi tiet, cum chi tiet hoac ket cau, tac dong cua tai trong dong 
lyc duoc danh gia bang he so' tai trong dong hoac he sb dong lyc k d . Tai trong dong 
duoc phan thanh tai trong dOng quan tinh neu may duoc xem la cung tuyet doi va tai 
trong ddng dong lyc neu co xem xet den sy dan h6i cua cac khau. 

He so tai trong dong thuong duoc dinh nghla la ti so gitra tai trong d5ng lyc nhan 
duoc sau khi giai phuong trinh midu ta chuyen dong ciia md hinh nghien cuu va cac tai 
tinh trong td hop tai trong tuong ung. 

Khi nghidn cuu ket cau thep may xay dung ngudi ta coi vung lam viec ciia chung 
nSm trong mien dan hdi ndn he sd ddng lyc con duoc dinh nghia nhu sau 1151: 

, _ y max 

a ~ y, 
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Trong do: 

y max - d6 vong ldn nhat do tai trong ddng lye sinh ra; 

y, - d6 vong ldn nhdt do tai trong tlnh tirong trng gay ra. 

Nhom 2: Nghien cuu anh hirdng cua thong s 6 dOng lye cua he de'n chat lirang san 
pham, nang suat, ket cau cua may de tir do xac dinh duoc cac thong so lam viec hop 
H cua chung. 

Day la nOi dung co ban cua viec nghien cuu dOng lyc hoc cua cac may lam vide theo 
nguydn li rung, rung ep, va rung nhir cac may dam chat va tao hinh san pham tir betong, 
dam dat, cac bua rung, sang rung, nghiOn rung, van chuyen rung... 

Nhom 3: Nghien ciru anh hirdng cua dao ddng den mdi truong xung quanh cung nhir 
tac dOng cua no den dO chinh xac cua cac may, cac cong trinh va dac biet den sue khoe 
ngudi lao dOng. Cac ket qua nghien cuu phuc vu chu yeu cho cac cong viec phong va 
chOng rung. 

Do nOi dung nghien cuu dOng lyc hoc may noi chung va dong lyc hoc may xay dung 
noi ri^ng rat da dang, phuc tap va do tinh chat, thdi luong cua giao trinh, dudi day chi 
trinh bay nhu la nhung thi du vi$c nghien cuu dpng lyc hoc may xay dung. 

§9.2. XAC DINH MO HINH NGHIEN CUU 

ViOc chon hop li md hinh tinh loan dOng lyc la bude co tinh chat quyet dinh ddn ket 
qua nghien cuu. Mo hinh hop li la md hinh don gian nhat co thd duoc song phai co kOt 
qua phu hop vdi thyc te vdi dp chinh xac yeu cau (md hinh tdi thiOu). Viec chon md 
hinh nghien cuu cho mdi loai may, tham chi cho cung mot loai may phu thude vao 
nhieu ydu to khac nhau nhu muc dich dat ra, muc do chinh xac ydu cau, phuong tien 
sin co. 

Thong thudng ung vdi mdi loai may co mOt ho5c mdt sd' md hinh da duoc nghien 
cuu, vi vay khi chon md hinh mdi, ben canh vi6c phan tich md hinh sin co can phai 
lam sang to mot s 6 cau hoi chu yeu sau: 

- Con co the su dung md hinh tuydn tinh hay bude phai su dung md hinh phi tuyen, 
y£u td' nao dan hd den he phi tuyd'n. 

- So bac ty do can bao nhidu de du co the chap nhan duoc. 

- Co nhung chi dSn nao to ra du chinh xac d£ xac dinh cac thong sd cua he. 

- Co the kiem tra duoc ket qua tinh toan hay khdng. 

Vide tra ldi cac cau hoi dat ra trdn day khdng d6 dang va tuy thude rat nhi£u vao 
muc dich yeu cau duoc dat ra 141. Tuy md hinh cang phuc tap thi cang gan vdi thyc te, 
song se co rat it tac dung neu khdng co cac chi dan du chinh xac de xac dinh thong so' 
cua he, vi day la cac yeu td co ban gay ra su sai khac giira ket qua tinh toan va thyc 
te. Kho khan nhat khi xac dinh cac thong sd cua he la xac dinh chinh xac thong sd giam 
chan, vi vay trong md hinh khdng nen su dung qua nhi^u phan tu giam chan. 
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Khi nghien cuu dong luc hoc may co the xem la cung tuyet do'i hoac dirge nd'i vdi 
nhau bang cac phan tu dan hoi, giam cha'n tuyd'n tinh hoac phi tuyen tuy thude vao ket 
cau cua may va dSc tinh ki thuat cua chung nhat la van tdc khi lam viec. Co the sir 
dung md hinh cung tuyet dd'i d£ nghien cuu may neu tan so rieng thap nhat cua he ldn 
hon tan sd' kich dong cao nhat. Trong trudng hop ngugc lai phai sir dung he co nhieu 
bac tu do. Tat nhidn vide giai hd phucrng trinh nhieu bac tir do rat phuc tap va td'n thcri 
gian, song hien nay van d6 n&y khdng con la trd ngai qua ldn nd'u sir dung cac chuong 
trinh co san nhir Matlab, Mathematika, Alaska... 

Trong may xay dung ngudi ta sir dung ca md hinh co khau cung tuyet dd'i lan md 
hinh co khau nd'i vdi nhau bang cac phdn tu dan h6i va giam chan vdi sd' bac tir do 
thudng tu mot den ba (xem vi du neu trong bang 9.1). 

§9.3. CAC DAI LUONG THU GON VA KHAU THU GON 

Khi nghien cuu ddng luc may co khau cung tuyet doi thudng sir dung cac dai lugng 
thu gon nhu khd'i lugng thu gon, lire thu gon, do cung thu gon... Khau dat cac dai lugng 
thu gon dugc goi la khau thu gon. Vd mat li thuyd't khau thu gon co the chon khau bat 
ki, song thudng gap nhat la khau dan. 

Vide xac dinh cac dai lugng thu gon deu dua tren nguydn li can bang nang lugng va 
da dugc ndu trong giao trinh nguydn li may va trong cac chuong 4, chucmg 8 nen dudi 
day chi b<3 sung mot so' vi du. 
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Bang 9.1. (tiep theo) 


Mo hinh 



LTnh vyc ap dung 


Tinh toan d6ng lire thiOt bi van chuyen rung, 
m - khoi lirpng; 
r - ban kinh tay quay; 

C’- dp cirng tay bign; 
c - tbng do cirng cac phan tu dan hoi. 


U 




Tinh loan dOng lire hoc ca cStu thay d6i tam 
vdi 

rn A - khoi lirpng can; 
m, - khOi lirpng tai trong; 

C|, C 2 - db cirng cua cap; 

- chi£u dai cap cSn va cap nang; 
a - goc nghifeng c&n; 
cp, \j/, x - cac toa do.. 



Tinh toan lu rung. 

E b , d B , p B , A b , h B - modun dan h6i, dp giam 
chan, trong lypng the ti'ch, dien tich, chieu 
cao vat lieu can dam; 

C |, C 2 , m 2 , u 2 , co 2 - d6 cirng, khOi lupng lu, 
momen tinh, van tOc true lech tam; 
m, - khoi lirpng dat dao dOng theo; 
b t , b 2 - giam chan. 
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Bang 9.1. (tiep theo) 


Thir tir 


Mo hinh 



Linh virc ap dung 


Tinh toan ban rung co gia tai (ho3c khong). 
E b , d u , p B , A b , h B - modun dan hoi, d0 giam 
chan, trong luong the tich, dien tich va chiOu 
cao san ph^m; 

C,, b|, a),, u,, m„ nr 2 - do cirng 16 xo, giam 
cha'n, van tO'c goc, momen tinh, kho'i luong 
cua ban rung va gia tai. 


Tinh toan d£m canh. 

E b , d B , p B , A b , h B - nhir da neu d mO hinh 6; 
C,, b|, m,, U|, C : , m 2 , b 2 . u 2 , co 2 - thOng 

sO' tuong ung nhir d md hinh 6. 


Tfnh to&n mdng may. 
m M - khO'i luong may; 
m F - khdi luong mdng; 

C, b - do cirng va giam chan cua nen. 
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9.3.1. Vi du 1: 

Cho scr dd co cau trinh bay tren hinh 9.1. Xac dinh do cung thu gon cua hd ve true 
dOng ca. 



Hinh 9.1: So do co edit 


Xuat phat tir dieu kidn can bang th6 nang: 

U = ZUi 

Trong do: U - the nang do khau thu gon sinh ra; 

Uj - thd nang do khau i cua co cau sinh ra. 


Ta co: 


Hay: 



Trong dd: 

C tg , Cj - do cung thu gon, do curng khau i; 

A(p, A<p; - goc xoay cua khau thu gon va khau i. 
Vdi khau 1 la khau dan, tur so d6 ta co: 


Aq>! 


= A<p - 


Mi 

c, 


A(p 2 


M2 

C 2 


Mj -1)2 
C 2 


M 3 Mt . M. . . M, 

A(p 3 - —- — — .I 23 - —* 1 i2* 1 23 ~ ““in 

c 3 c 3 c 2 c 2 13 


(9.1) 


(9.2) 

(9.3) 
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A __ M n _ _ M, . 

A<p n _ —- - ... - — • 1)2 ■ J 23 • J n- i.n 

^ n 


M, 


Thay (9.4) vao (9.3) va sau mOt vai phep bidn doi dan gian ta co: 

c, g = —— 

£i?./C, 

i = I 

Ndu k£ ddn hidu su£t truydn dOng gitfa cac khau ta co: 

1 


C = 

Mg 


E iTi-m/Cj 


i=l 


(9.4) 


(9.5) 


(9.6) 


Dd nhan tha'y rang gia tri cua C tg phu thudc vao vide chon khau thu gon cung nhu 
vi tri tac dung lire vao khau nao trong ca cau. Vide xac dinh gia tri C tg khi khau thu 
gon khdng phai la khau dan va lire tac dung d khau bat ki vd nguydn tac ti'nh cQng 
gidng nhu tr6n nen khdng ndu d day, ngirdi doc co the tham khao trong cac tai lidu 
1111, 1141. 


9.3.2. Vi du 2 


Cho ca cau nang nhu hlnh 9.2a. Thidt lap mo hinh tinh, xac dinh do cung va giam 
cha'n thu gon. Bo qua tdn hao khi truyen d6ng. 

Vdi ca cau nang da cho ta co thd chon cac s a d6 tinh toan khac nhau. Tr£n hinh 
9.2b, c, d trinh bay 3 dang mo hinh tinh thudng gap, trong do khau thu gon dugc chon 
la true ddng ca (hinh 9.2b) hoac vat nang (hinh 9.2c) hoac khong su dung khau thu gon 
(hinh 9.2d). Do ve nguyen tac each tinh cac dai lirgng thu gon gidng nhau, n6n dudi 
day chi trinh bay each tinh cho sa d6 9.2b. 


a) Khd'i luomg thu gon ■ 

Bo qua mOmen quan tinh cua h6p gidm tdc, xua't phat tu didu kidn can bang ddng 
nang ta co: 


Suy ra: 



(9.7) 


Vdi: 


J td - J, + J 2 + J 3 
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Trong do: 

J td - mdmen quan tmh thu gon v& true d0ng ca; 

R,, w, - mdmen quan tmh, ban kinh va van tbc goc cua tang; 
i - ti sb truyen hdp giam tbc; 
a - b0i sudt pa lang. 

b) DO aing thu gon 

Theo so d<5 ca cau C 0 la d0 cirng cua cac cum chi tidt trude do da thu v6 true d6ng 
co nen d m& hinh tmh da co C 0 = C|, vi vSy chi c^n tfnh dd ctrng thu gon cua cap nang 
C 2 dat tai true d0ng ccr. 

Goi /, A l va Atp lan lugt la chidu dai cap, d6 dan dai cua cap va goc xoan do cap tac 
dung len true dong ca, theo nguydn tac bao toan the nang ta co: 

| C 10 .A/ 2 = | C,. Aqr (9.8) 


Mat khac ndu goi A(p t la goc xoKn do cap tac dung I6n tang ta co: 



A l _ 2AI 
^ D/2 D t 

(9.9) 

va 

> 

-s 

ii 

t> 

■s 

(9.10) 

Thay (9.9), (9.10) vao (9.8) va sau mdt sb bibn doi dan gian ta co: 



_ D t 2 • 

^2 2 ' C 10 

41 

(9.11) 

Vdi gia tri C 10 dugc tinh nhu sau. 



c = ^ 

L, ° a.i 

(9.12) 

Trong do: 

a - b6i suat pa lang 

Suy ra: 

D? EF 

2 4i 2 a . / 

(9.13) 


c) Xdc dinh gidm chd'n thu gon 

Ttrang tur nhu tmh toan do cung thu gon, vide xac dinh giam chan thu gon cflng xuat 
phat tur su can bang nang lirgng va chi c4n tmh b 2 . 
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Ta co: 

1 , „2 _ 1 , f 

~ b io * v ~ 2 hl ' (0 

co.D, 

(9.14) 

Vdi: 

V = -‘ 

2.i.a 



of 


Suy ra: 

t>2 - ^20 ' -> 

4i.a _ 

(9.15) 


9.3.3. Vi du 3 

Cho sa d6 ca cau va cac thdng sCT nhir hinh ve (hinh 9.3). Xac dinh cac dai lirgng 
thu gon khi md hinh tinh toan dirge chon la md hinh day (hinh 9.3b). 


Hinh 9.3: Sa do ca cd'u va md hinh tinh 
1, 2, 3, 4. Cac khdu. 

J lt <Pj - momen qudn tinh va goc xoay ciia 
cac khdu; J it , cp /f - mdmen qudn tinh va 
goc xoay thu gon; C /( b t - dd cung va hi 
so' giam chd'n cua cac khdu; C u , b h - dd 
ciing va hi so giam chd'n thu gon; Myft), 
M^(t) - luc m lire thu gon; r 2 , r” 2 - ban 
kinh vong tron Idn bdnh tdng tuemg irng. 



Vdi: 


<Pn = q>i; q>2t = <P 2 


(p? = “ • <pT = i.cp-> (9.16) 

f, 2 


j* 

93 = - q>3t • -r = i( P3t ; i = - -f 
r 2 r 2 


Tir cac dai lirgng da cho co th£ xac dinh dirge cac dai lirgng thu gon 
a. Xac dinh momen qudn tinh thu gon 

Dura vao dieu kien can bang ddng nang khi thu v£ true I ta co: 

1 T ‘2 1 T "2 

— J lt .cpi, - — j i.(pi 

2 2 
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(9.17) 


1 T 2 _ ly 2 , 1 i’ *2 

~ J 2 r9 2 t - T -^2^2 + — h 92 

2 2 2 

~ J3t >( P3t “ “ 13-93 
2 2 

Thay (9.16) vao (9.17) suy ra: 

Jn = J,; hx = h + 4i 2 ; J3t = J 31 2 (918) 

£>) £)d citng true thu gon 

Xu&'t phat tit c^n bang the' nang dan h6i ta co: 

~ C t ,.((pi, - (p 2 t ) 2 = ~ C 1.(91 - cp 2 ) 2 
2 2 

“ C 2 t .(<p 2 l - 9.3t)~ = ~ Q>-(9 2 - 93 )“ (9.19) 

2 2 

Suy ra: 

Ci, = Cj ; C 2f = C 2 .i 2 (9.20) 

c) H$ sd' can thu gon 

Xuat phat tCr dieu kien can bang cbng cua mOmen can tiromg ung bang nhau ta co: 

• 9u • 9n = t>3 ■ 9i ■ 9i 
Wt ' 93t • 93c = ^4 - 93 • 93 

t>i,.(q>2t ” 9it)(92t - 9n) = M<i>2 ~ 9i)( 9 2 ~ 9i) (9.21) 

*>2t-(<P3t - 9 2 t)(93t - 9 2 t) = M<P3 ~ 92 X 93 ~ 9 2 ) 

Suy ra: 

b 3$ = b 3 ; b 4t — b 4 .i“ ; bj, = b] ; b 2 , = b 2 .i“ (9.22) 

d) Mo men thu gon 

Xua't phat tu dieu ki6n can bang v6 cbng ta co : 

M 3t (t).<p 3 , = M 3 (t).cp 3 (9.23) 

Suy ra: M 3t (t) = M 3 (t).i (9.24) 

§9.4. MO HiNH TINH TOAN D0NG LUC HOC MAY NANG 

9.4.1. Khai niem 

May nang la nhom may cOng tac dung 6i thay d6i vi tri cua cac dd'i tuang cOng tac 
nhor cac thie't bi mang vat true tiep hoac gian tie'p nhu moc treo, gau ngoam, ca bin 
thang may... 
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Chuyen dbng chinh cua may nang la nang (ha) vat theo phirang thang dung. Ngoai 
ra de’ dam bao di chuyen vat den vi tri mong mub'n, tuy theo ti'nh nang ki thuat, may 
nang con co cac chuyen dbng khac nhir quay quanh true may, di chuyen trong mat 
phang ngang hoac lac quanh true nam ngang (thay dbi tarn vbi). Co nhieu each phan 
loai khac nhau, song theo quan diem dbng lire hoc may nang co th£ phan thanh cac 
nhom may sau: 

Nhom 1: Bao gbm cac may nang chi co chuyen dbng nang ha nhu tbi nang, thang 
may (co hoac khbng co doi trong)... Phan tu dan h6i chu yeu trong nhom may nay la 
cap nang. 

Nhom 2: Bao gom cac may nang co chuyen dbng nang va mbt chuyen dbng ngang 
nhu cac monoray, can true khbng quay... 

Nhom 3: Bao gom cac can true, cau true, ngoai chuyen dbng nang (ha) con co cac 
chuyb’n dong khac nhu di chuyen, quay, thay d6i tarn vbi dOc lap hoac d6ng thai vbi 
chuyen dOng nang (ha). 

Nho viec phan loai n6u tren khi nghien cuu ddng lire hoc may nang nguoi ta xay 
dung mO hinh ti'nh toan cho cac truong hop sau: 

- Mo hinh tinh toan dbng luc hoc cho tung co ca'u: Co cau nang; co cau quay; co 
ca'u di chuyg'n; co cau thay doi tarn vbi. Tuy theo yeu cau dat ra, ket cau thep co the 
dugc xem la cung tuySt doi hoac dan hoi. 

- Mo hinh tinh toan d0ng luc hoc khi nhi6u co c£u hoat ddng d6ng thbi nhu di chuyen 
va nang (ha) vat kern theo lac ngang, nang cung vbi quay... 

- M6 hinh t6ng the cho toan can true. Mb hinh nay thubng dung khi nghien cuu tong 
th£ hoac tinh toan on dinh dbng lire can true. 

9.4.2. Dong luc hoc co 1 cau nang 

Do chuyen dbng nang (ha) la chuyen dbng chinh, lap di lap lai cung vbi qua trinh 
khbi dong hoac phanh nen tai trong dong phat sinh khi co ca'u nang lam viec thubng 
kha lbn. Khi nghibn cuu dbng luc hoc co cau thubng dugc khao sat b cac trang thai 
chu yeu sau: 

- Khbi dbng hoac phanh khi vat dang treo tu do bang cap nang, (theo hubng nang 
hoac ha). 

- Nang vat khi chua tach khoi nen (dan hbi hoac khbng). 

- Nang vat khi kb den kha nang lat cua no. 

Khi xay dung mb hinh tinh toan dong luc co cau nang ket ca'u thep co the coi la 
cung tuyet db'i hoac dan hoi. Mb hinh tinh toan co the tuyen tinh hoac phi tuyen, song 
phb bib'n la mb hinh tuyen tinh co bac tir do khbng lbn hon 3. 

a) Mo hinh tinh toan hai bac tu do 

Hinh 9.5 trinh bay mb hinh tinh toan co ca'u nang hai bac tu do khi vat treo tu do 
tren cap nang. Day la mb hinh don gian, tuy nhibn no cung cho kb't qua vbi d0 chinh 
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xac sct b6 thoa man vdi ygu cau kl thuat do thyc td dat ra. Cac khdi lirung irq, m 2 , cac 
lire P, Q la cac dai lupng thu gon, lire F la lye dan h6i do cap sinh ra. Tuy theo khau 
thu gon dupe chon trong so d6 tinh, trang thai lam vide khdi d6ng hoac phanh, chuydn 
d0ng theo hirdng nang hoac ha ma cac gia tri m,, m 2 , P, Q dupe tinh va dat vao so d6. 

Theo 1151, khi ti'nh toan dOng lire hoc ca cdu nang a chd dO lam viec khdng dn dinh 
ung vdi cac trang thai lam vide co tdi 11 so d6 tinh tirong ung. 


Dd lam thi du xet trudng hop nang vat, khau thu gon la true d0ng co cua co cau 
nang (hinh 9.4). 

Phuong trinh chuydn ddng cua hd cd dang sau: 


m,.x, = P-F 
m 2 .x 2 = F - Q 
F = Q + C.(x,-x 2 ) 

Vdi: 

P- lure phat dong thu gon; 

Q- trong lupng vat nang; 

C- d6 edng cua cap; 

F- lire cang cap khi ke den dan hdi. 


(9.25) 


(9.26) 


"t 






m. 


a 

Hinh 9.4: M6 hinh tinh todn 
ca cd'u ndng 2 bde tu do 


Thirc hidn dao ham bac hai phirong trinh (9.26) va sau khi thay x, , x 2 tu phuong 
trinh (9.25) ta co: 


( —+ —).F = C.( 

JP^ 


v m, m/ ' 

" m i 

m 2 ' 


(9.27) 


Phuong trinh (9.27) la phuong trinh vi phan bac hai theo F, vi vay nghidm tdng quat 
cua no co dang: 


F 


F = Acosw 0 t + Bsinco 0 t + D (9.28) 

Vdi A, B la cac hang sdphu thude vao didu kidn dau, khi t = 0 (x n = x 20 ; x, 0 = x 20 = 0; 

= 0) o)q = C. f —+ —Y D la nghidm rieng u-ng vdi ve phai la hang. 

V m| m 2 / 

Giai phuong trinh vua neu ta tim dupe: 


D = 


Pm 2 + Qm, 
m, + m 2 


Q + 


(P - Q)m 2 
m, + m 2 


(P~Q)m 2 
m, + m 2 


B = 0 


F 


(P-Q)m 2 
m, + m 2 


(1 - COSC0 o t) 


(9.29) 
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(9.30) 


Ti> (9.29) ta tim dirge gia tri F max va F min nhir sau: 


= Q + 
= Q 


2(P-Q)m 2 
m, + m 2 


Neu goi ti sd 


Q 


la he s6 t^i dOng va (P - Q) = q> 0 .Q ta co: 


(9.31) 


k d = 1 + 2(p 0 *-(9.32) 

m j + m 2 

D6 tha'y k d > 1 va phu thuOc nhi6u vao thdng sd khdi lirgng eda he. 

b) Mo hitih tinh loan cua co cd'u ndng co kd din dan hoi cua ki't cd'u thip 

Trong qua trinh lam vide cua can true qua trinh dan hoi khdng nhtfng xiy ra d cac 
co cd'u ma ck d phdn ket cdu thep dung d£ l£p dat chung, vi vdy khi tmh toan d6ng luc 
vide xem xet sir lam viec ddng thdi cua cac cor ca'u va ke't ca'u thep t6 ra gan vdi thuc 
td han, nhat la ddi vdi cac c£n true dang ciu nhu cdu true, c6ng true hodc eke c&n true 
co tdm vdi ldn. 

Xet mOt cdu true co ca ca'u nang lam viec ddng thdi vdi dim chiu bie'n dang dan h6i 
khi nang vat tCr mat ndn cirng (hinh 9.5). 





Hinh 9.5: Qud trinh ddng luc h<?c khi ndng vdt ndm trin nen cirng. 
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Vdi trang thai lam viec nhir tr6n qua trinh nang vat chia thanh hai giai doan: 

- Giai doan thii nhrft: Cap nang trung, lire trong cap nang tang tu khdng d£n gia tri 
vat nang bat dau tach khoi nen. Tai thdi di£m vat tach khoi nen dam co dp vOng y t 
(hinh 9.6a). 

- Giai doan thii hai: Bdt dau ngay sau khi vat tdeh khoi nen, trong giai doan nay 
chiSu dai cap nang thay ddi. 

Nhur vay viec nghifin cuu d6ng lire cua h6 phai dua tren su lam vi£c dong thai gitfa 
ca cau nang va ket cau thep. Md hinh tinh toan don gian nha't cua no co hai bac tu do. 
Trong trirdng hap c£n ket qua chinh xac han ngudi ta hay dung md hinh 3 bac tu do 
hoSc nhi£u han 1151. 

Bai toan nghidn cuu thdng thudng dat ra nhur sau: 

Cho trude thdng so cua k6't cau thep nhu khd'i luang, dd cung, quy luat chuy^n ddng 
ca cau nang. Xac dinh so ddng lire k d : 



N£u mb hinh tinh dircrc chon theo hinh 9.5 ta co cac phuomg trinh midu t& chuyln 
ddng cho hai giai doan lam viec nhu sau: 

- Giai doan thu nha't: (H6 1 bac tir do). 

My = R + P (9.33) 

Vdi: 

M - khd'i luang tuang duang cua k6't ca'u thep va khd'i luang xe con; 

R = - C k y; 

C k - dd cung tuang duang cua ke't ca'u thep; 

P - tdng luc cang tren cac nhanh cap. 


Trong do: 
a. v 


k = 


H 


P = - k.y + — .s(t) 
H 


v = EF 

a - bdi suat pa lang; 

H - chi£u cao nang. 

Phuang trinh (9.33) co dang: 

My 


~ C k y - k.y + s(t) 

H 


Hay vid't dudi dang t6ng quat: 

y + X 2 .y = r.s(t) 


(9.34) 

(9.35) 
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Vai: 


(Q + k) 
M 
v 


r = 


H.M 


- Giai doan thu hai: Ngay sau khi vat tach khoi nen ta co: 

My - R + P 
Mz - - P + mg 


Vdi: 


P = k(z - y - H)+ — .s(t) 
H 


Thay v&o cac gia tri R va P vao (9.28) ta co: 

My = - C k . y + k.(z - y - H) + ^ .s(t) 


(9.36) 


(9.37) 


Mz = - k(z - y - H)-.s(t) + mg 

H 


Di0u ki£n de vat tach khoi dat la: 

P = m.g 
v 


Hay 


H 


•s(t) - k.g = m.g 


(9.38) 


Viec giai phircrng trinh (9.35) hoac he phircrng trinh (9.37) ve nguy6n tic khdng kho 
khi da xac dinh dugc didu kien bi£n. Tuy nhien vide phan tich cac giai doan chuyen 
d0ng kha phuc tap. Theo 1161 do vong Ion nhat xay ra ngay sau khi vat tach khoi nen, 
con trong giai doan vat da tach khoi nen (nang va phanh) he so tai trong dong k ct « 1,1. 

9.4.3. Dong lire hoc co’ cau quay 

M6 hinh nghien cuii d0ng lire hoc ca cau quay lit da dang, thirdng co tir m0t den 
hai bac Ur do, cap nang co the coi la khau dan hoi hoac khong. Hinh 9.7 va 9.8 trinh 



Hinh 9.6: Sty do tilth loan gdc 
lighting y vita tcii trong khi quay 
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Phuang trinh mieu ta chuy€n dong vat n&ng (hinh 9.6) khi quay quanh diem true treo 
co dang: 

jip = M (9.39) 

Trong do: 

J - momen quan tinh vdi true treo vat; 

M - tong mdmen cua cac lire doi vdi true treo v<it. 

M = Q/sinip + P at ./cosip (9.40) 

J = m v / 2 (9.41) 

Thay (9.40), (9.41) vao (9.39) va coi gan dung simp » ip, cosip * 1 Va vdi di6u kien 

dau tai t (> = 0 co vp = 0; ^ = \p = 0 ta co phirang trinh tinh goc l&c ip nhir sau: 


ip - — R(l-coscot) (9.42) 

g 

Vdi: ip - goc Idc cua vat nang khi quay; 

R - ban kinh quay; 
e - gia toe khi quay; 

0 ) - tan so goc khi quay. 

Khac vdi so d6 tinh toan d hinh 9.6, hinh 9.7 trinh bay so d6 tinh toan ddng lire co 
cau quay co hai bac tu do. Van de dirge dat ra la xac dinh mdmen ldn nhat tac dong 
len ca cau quay co kd den anh hirdng cua cac phan ti> dan hoi. 

Neu goi: tp P , cp k lan lugt la chuyen vi goc cua khoi lirgng phan quay cua ca cau quay 
thu vd true dong ca. chuyd’n vi goc cua khoi lugng phan quay cua can true dira ve 
true quay; 

Ji>, J k la momen quan tinh thu gon cua ca cau quay dua ve true dOng ca va mdmen 
quan tinh thu gon cua phan quay can true dua v6 true quay thi ddng ndng T va the nang 
U cua he khao sat dugc viet dirdi dang sau: 


1 * 1 j * *> 

T = — .Jp.cpp + — .J k .(p P 

2 2 

J k .cpk - C.(( Pp - <p k ) = - (M, + M v ) 


(9.43) 


Vdi: M,, M d , M v lan lugt la mdmen can tinh, mdmen du va mdmen do vat nang 
sinh ra. 


M = QR.tgip ~ Q.R.ip (9.44) 

Lan lugt nhan phuang trinh dau va phuang trinh thu hai vdi J R va J P sau do trir hai 
phuang trinh cho nhau ta co: 


(Pp - cp k + C 


J p + 4 ^ , _ 4-(M| + M d ) + J P . (M, + M v ) 


Jp. Ji 


(<Pp - (Pk) = 


J P . J k 


(9.45) 
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Dat: 


<P = <Pp - <Pk 


C. 


Jp+ 4 

jp.Jk 


= p J 


(9.46) 


M, + M d , M t _ 

~7— T“ q 

J P J k 


M„ 


= Q.R 9 = A.(l - coscot) 


Khi do phirang trinh (9.45) duroc vidt dirdi dang sau: 

9 + P 2 .9 = q + A.(l - coscot) (9.47) 

MQmen M tac d 0 ng I 6 n co ca'u quay khi k£ d£n £nh hiring cua cac phan tu dan h 6 i 
co dang: 

M = C.(p (9.48) 

Nghidm tdng quat phirang trinh (9.40) co dang sau: 


9 = Cj.cospt + C 2 .sinpt + 


.coscot 


p“ - co* 


Trong do: 

Cj, C 2 la hang s 6 tich phan. 
D = q + A 


M, . 


Ung vdi di£u kien d&u tai t = 0, co 9 = —; 9 = 0 . Theo 1141 ta co: 

c 


M = M. + — Jk —M d (l - cospt) + -i_ . Q R2 ' b 
J p +Jr Jp.Jk g 


co* 


1 +-£ 


— • cospt - coscot 


1 


(O' 


(9.49) 


Tu (9.49) thay ngay rang gia tri M phu thu 0 c vao gia tri cua mOmen can tinh M„ 
mOmen du M d vao mOrnen do vat nang bi lac gay ra. 

Gia tri M niax dat dirge khi cospt = coscot =. - 1. 


M ma * = M, + M d . + Q.R 2 . — . — 


Jp + J k 


g Jp + Jk 


(9.50) 


9.4.4. D6ng lure hoc co cau di chuyen 

Muc dich tinh toan d 0 ng lire hoc co cau di chuyen la nham xac dinh lire d 0 ng lire 
phat sinh khi co cau lam vi 6 c, dac biet la khi khdi dong (hoac phanh) co ke den chuyen 
d 0 ng lac cua vat nang hoac khong va khi ca cau di chuyen va vao u han che hanh trinh. 


320 



MO hinh tinh toan thircrng c6 tir hai den ba bac tu do va tuy theo yeu cdu co the kd 
ddn anh huong cua cac khe hd cua cac cap banh rang truyen dong hay khong. Bang 9.2 
neu m6t s 6 mo hinh tinh toan dong lire hoc cung nhir phirong trinh mieu ta chuyen d6ng 
cua he va trirdng hop ap dung chung. Viec giai cac phuong trinh nay giong nhu vide 
giai cac phuong trinh tinh toan ddng lire hoc co cau nang. Ngirdi doc cd thd tham khao 
trong 1121, 113!, 1141. 


Bang 9.2. M6t so m6 hinh tinh toan dong lire hoc co* cau di chuyen 


Md hinh 

Phuong trinh mieu ta 
chuyen dong 

Truong hop ap dung 

1 


* f 

mA 

p 

m,.X| = P - F 

F = C.Xj 

Giai doan 1 khi khori dgng co 
cau di chuyen (khong ke’ ddn khe 
hd d cac bQ truydn) lire dan hOi 
tang tir 0 ddn W. 

c 

—J 



— 

F F 

V 

p 

m,.X| = P - F 
m,.x^ = F - W 

F = W, + C.{x, - x 2 ) 

Giai doan 2 khi khdi dgng co 
cau di chuydn. 

KhOi luong m,, m 2 chuydn dong. 



W 

4 

_ 

/ 

Ik 

s? 

c V 

\m t 

1 

m,.X| = P - F, 
m 2 .x : = F, - F 2 - W 
m,.x, = F 2 

F, = W + C,.(X| - x 2 ) 

F 2 = C 2 .(x 2 - x ? ) 
x, - /.( p 

Khdi dgng co cau di chuyen co 
kd den lac ngang cua vat nang 

\i/ 

4__ 

J 

Trong do : m,, m 2 - cac khdi lupng thu gon. 

C, C, - dp cung thu gon cua ca c£u va cua cap nang 

P, W, Q, F - luc phat dong, luc can di chuyen, luc nang va luc dan hdi. 


§9.5. MO HINH D0NG LUC HOC MAY DAM RUNG 

9.5.1. D5c diem qua trinh dam chat va tao hinh 

Dam rung dtroc sir dimg rong rSi de dam dat va be tong, trong nhieu trirong hop nhat 
la trong san xuat cac cau kien xay dung tu be tong, ben canh cac yeu cau dat ra khi 
dam chat con cd yeu cau tao hinh san pham. Muc dich chung cua qua trinh dam chat 
va tao hinh la tang mat do hat vat lieu, dien day chung vao mot khudn cho trude vdi 
d6 dac chac nhat dinh bang each loai tru toi da cac khoang trong chira day khong khi 
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va nude. Chat lugng dam chat phu thuOc vao nhidu ye'u td khac nhau, song ba ye'u td 
co b£n nhdt trong chung la dac ti'nh ki thuat cua may, dac trimg ca li cua vat lieu va 
dac diem quy trinh c6ng nghe. Nhir vay trong qua trinh ddin chat cQng nhu vi6c ddin 
chat va tao hinh co sir tac d6ng qua lai gifta may va dfiii tugng ddm chat, va do tinh 
chat cua ddi tirgng ddm chat thay ddi sau m6i ldn d&m n6n su tirang tac nay cflng se 
thay ddi. Do dac didm nay ndn cho ddn nay vide tim kie'm mCt mO hinh co cac thdng 
sd chinh xac phan anh ddy du qua trinh dam chat va tao hinh va tu do xac dinh dirge 
thOng sd hgp li cua may va dat tdi uu hieu qua ddm la rat kho khan, vi vay thirong chi 
sir dung cac md hinh mieu ta gan dung qua trinh vda neu. Hinh 9.8 trinh bay mdi lien 
he gitfa dac tinh kT thuat cua may va vat lieu dirge ddm trong qua trinh ddm chat. 


9.5.2. Kh£i niem ve mo hinh co* hoc cua vat lieu can dam 



Hinh 9.8: Titcmg tac giua mdy va chd't lupng ddm chdt 


Khi nghien ciru ddng lire hoc, vat lieu dirge mO hinh hoa thanh nhtfng md hinh eg 
hoc, song do tinh da dang cua vat lieu va dac biet do trang thai, tinh chat co li cua no 
thay doi lien tuc trong qua trinh dam nen vi£c xac dinh dirge md hinh hgp li nhat la 
vide xac dinh dirge chinh xac cac thdng sd ddng luc hpc cua no la rat kho khan, cho 
de'n nay van d£ nay van dang dirge tidp tuc nghien ciru va thirong ke't hgp gitfa nghien 
cuu li thuydt va thuc nghiem. Bang 9.3 gidi thidu mdt s 6 md hinh cua vat lieu thirong 
gap khi nghien ciru ddng luc hoc may rung. De nhan thay rang co nhi£u quan niem 
khac nhau khi tie'n hanh md hinh hoa vat lieu. Mdt md hinh dugc xem la hgp li ndu no 
phan anh dugc qua trinh ung xu cua vat lieu khi chiu kich ddng vdi dd chinh xac co 
the’ chap nhan dugc, d6ng thdi co chi d£n edn thie't khi xac dinh cac th6ng s 6 ddng luc 
co ban cua no. Tir quan didm do, mac du ede md hinh 7 va 8 (xem bang 9.3) to ra phu 
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hop vdi thirc te han, song do thieu phirong phap xac dinh du chinh xac cac thong s 6 
cua m6 hinh nhir m6 dun dan h6i, giam chan cua vat lieu, t6'c d6 truy£n song trong vat 
lieu, han ntra cac dai luang nay lai thay doi trong qua trinh dam nen chira dirge sir dung 
rdng rai khi tinh toan dong luc. 

Bang 9.3. Mot so mo hinh co 1 hoc ctia vat lieu 


M6 hinh 



Vat li$u dirac coi la 

— — --— 1 — 

Linh virc thudng 
ap dung tinh toan 

Cung tuydt doi 

Ddm dat 

Deo 

Dim da't, be tCng 

Dan hdi khdng khd'i luang 
ho$c dan h6i - giam cha'n 
khdng khd'i lugng 

Dam dat, dam be tOng 

Dan h6i ke't hap vdi dan h6i 
mOt chieu 

Dim d£t, thiet bj ha coc 
bang rung dOng 

Dan hoi ket hap ma sat kho 

Tinh toan cho dam dat 

Dan h6i va co khdi lugng 
vat lieu dao ddng thqo 

Ddm dat, cidm be tong 

Cot lien tyc 

Ddm be tong, dam da't 

M6i trudng truy£n song 

Dam dat, be t6ng 


Trong dd: F - luc kich d6ng; h - chieu cao cdt vat lieu; m v - khoi lirgng vat lieu dao dOng theo; 
^-16 xo; 1^1 16 xo chju ndn kh6ng gian; >-J-< giam chan nhdt; h ma sat kh6. 


323 



































Nhi6u cdng trinh nghi6n cuu da chi ra rang trong tinh toan ki thuat cac m6 hinh 3 
va 6 cho ket qua co do chinh xac co thd chap nhan dirge, do vay trong there t€ chung 
dirge dilng kha r6ng rai. 


9.5.3. Mdt so m6 hinh tinh toan dong lire d£m rung 


Cd rtfr nhidu m5 hinh tinh toan d6ng lire hoc dam 
rung, tham chi ngay c£ cho mdt may ddm rung, do 
v&y dudi day chi ndu nhu la cac vi du m6t s6 m6 hinh 
hay gap va phuong trinh mi6u ta chuy^n d6ng cua he. 
Vi6c giii cac phuong trinh nay v6 nguy6n tac da dirge 
neu d chuong 7 n£n khOng n6u d day. Hinh 9.9 trinh 
bay m6 hinh tinh toan ban rung co gia t&i hai bac tu 
do, trong do: F(t) - luc kich d6ng; mj - khdi lugng 
ban, khudn, betdng; m 2 - khbi lugng gia tai; c,, bi - 
d6 cung va giam chan cua ph4n tu dan h6i; c 2 , b 2 - 
d6 cung va giSm ch^n cua betdng can d^m chat va tao 
hinh; c 3 , b 3 - dd cung va do giam chan cua h£ gia tai. 

Ap dung phuang trinh Lagrange loai II ta co he 
phuong trinh mieu ta chuyln d6ng cua he nhu sau: 



Hinh 9.9: Mo hinh tinh toan 
ban rung gia tai 


irq.x, + bj.x, + b 2 .(x, - x 2 ) + CjX, + C 2 .(x, - x 2 ) = F(t) 


m,.x, + b 3 .x 2 + b 2 .(x, - x 2 ) + C 3 .x 2 + C 2 .(x, - x 2 ) = 0 (9.51) 

Khi can tinh luc tac dung len nOn F n va khung F 0 ta co: 

C,.x, + b,.x, = F n 


C 3 .x 2 + b 3 .x 2 = F 0 (9.52) 

Hinh 9.10 trinh b£y so dd tinh toan ddng luc hoc ban va rung m6t bac tu do. 

Goi C z - d6 cung cua cac 16 xo lien ke't; 

C zo - d6 cung cua tarn d6m dan hdi; 

S zo - phSn luc cua dem tac dung len ban; 

S z - phan luc can khdng dan h6i; 

Q - luc cang ban d£u cua 16 xo, theo 161 co: 

Q — C 2z .e 2 — C iz .e] 

Trong do: 

e 2 - khe hd gitfa ban va dem tao ra chi do 16 xo 
phia dudi; 



e 2 - chuye’n vi dau tr6n cua 16 xo phia trfcn sau khi 
can chinh; 

C lz - d6 cung 16 xo phia dudi; 

C 2z - d6 cung 16 xo phia trdn. 


Hinh 9.10: So do tinh ban 
va rung 1 b$e tu do 
1. Ban; 2. Lien kit dan hdi 
giQa ban va nin. 
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Goi khe ha ban dau gitta ban va tam dem la e, ta c 6: 

C ? .e| — 


Vdi cac ki hieu tren ta co phirang tiinh mieu ta chuyen dong ciia ban dirac viet 
nhir sau: 

f(C 70 + C 7 )Z-S, 0 -S,] 

M.z = - r " c ?; z _ s /0 ' - Q + P(t) (9.53) 

Trong do P(t) la ham lire kich d6ng. 

Bieu thde tren cua phirang tiinh (9.53) tirang dng vdi thdi diem ban tie'p xuc vdi tam 
dem dan hoi, con dong diidi tirang dng vdi trirdng hap ban da tach khoi dem. Viec giai 
phirang trinh (9.53) la kha phde tap va da dirge tiinh bay chi tiet trong 161 nen khdng 
neu d day. 

Hinh 9.11 trinh bay m6 hinh ca hoc khi nghien cdu ban va rung hai bac tir do !7I. 



a) 


t» 


Hinh 9.11: M6 hinh ban va rung hai bac tu do 
a) Kich dong rdn so thap (ray bien): b) Kich dong li tcini. 

Neu goi: 

m t , m 2 - khdi lugng ban dudi va ban tren cung vdi khudn, kep khu6n va betong can 
tao hinh. 

C], C 0 , C 2 , C 2 - dd cung cua cac phan td dan hdi tirang dng (16 xo lien ket vdi nen, 
16 xo lien ket gida 1, 2, 3, 16 xo lien kei u va dap va d6 edng tay bien). Dd ctrng gia 
thie't la tuyen tinh. 

b, b 0 , b 2 - he s6 giam chan cua bet6ng va cua cac phan tCr dan hoi vira neu; 

m 0 e - momen tinh cua cac phan td kich d6ng; 

e k - ban kinh quay tay bien; 

to - van toe goc ciia phan id kich ddng; 

P - lire cang ban dau ciia 16 xo; 

True toa dd x 1 va x 2 lurdng len nhir hinh ve trong dd gd'c toa dd x, tinh td trang thai 
can bang tinh, con x 2 td vi tri chira bie'n dang. 

5 - khoang each giua 2 be mat va dap. 
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Ta co bien dang trong he toa d6 tuy£t ddi cua 16 xo C t la x 2 - X| va bi€n dang cua 
phan td dan h6i va dap s£ la x 2 - x,- 6. 

Tir cac ki hieu tren ta co phirang trinh mieu ta chuyen dong cua he d hinh 9.1 lb nhir 
sau 171: 


- Khi x 2 - X| > 5 

nq.x, + C,.(x, - x 2 ) + b n .Xj + C 0 .X| = m 0 eco 2 .cos«t + m 2 .g + pi 
m 2 .x 2 + C,.(x 2 - X|) + b.x 2 = -m 2 .g - P I 

- Khi x 2 - Xi < S 

* ♦ . 
m,.x, + C,.(x, - x 2 ) + C 2 .(x, - x 2 + 6) + b w .x, + 

+ b-,.(x, - x?) + C 0 .xj = m 0 e.( 0 2 .coscot 4- m->.g + P 
t. > 

m 2 .x 2 + C].(x 2 - X|) 4- C 2 .(x 2 ~x,-5) + 

+ b.x 2 + b 2 .(x 2 - x,) = -m 2 .g-P 

j 

Phirang trinh mieu ta chuyen d6ng irng vdi mo hinh 9.1 la nhir sau: 
khi x 2 - x, > 5 

m,.x, + (C, + C 3 ). (x, - x 2 ) + C 0 .X] + b 0 .x, = C 2 e k .coso3t 4- m 2 .g 
m 2 .x 2 4- (C, 4- C 3 ). (x 2 - x,) + b.x 2 = -C 3 .e K .coso)t - m 2 .g 

khi x 2 - x, < 8 

mj x, + (C, + C 3 ). (x, - x 2 ) + C 2 .(x, - x 2 + 8) + 

+ bT.(x, - x->) + C 0 x, + b 0 .x, = C 3 .e K .coscot + rm.g 

7. ' > 

m 2 .x 2 + (C, + C 3 ). (x 2 - X|) 4- C 2 .(x 2 -x,-8) + 

+ b 2 .(x 2 - x u 4-bx 2 = -C 3 .e k coscot - m 2 .g 


(9.54) 


(9.55) 


(9.56) 


(9.57) 


9.5.4. Vi du 

Cho dam nhay nhir 6 hinh 9.12 chiu kich dong lech tarn hay xac dinh mien thSng so 
hap li cua no. Gia thiet nen dat la deo. 

Trong qua trinh lam viec dam thirc hien hai pha chuyd’n dong chinh la nh^y khoi nen 
dat va tiep xuc vdi nen. Gia sir sau moi vong quay ciia true 16ch tarn ddm thirc hien 
mot lan nhay va mot lan tiep dat. 

Qua trinh tiep dat chinh la qua trinh 
truyen dong nang dc’ dam chat dat. 

Dc thidt lap phirang trinh chuyen 
dong, ta xuat phat tir thdi diem dam 
tach khoi dat. Ap dung phirang trinh 
Lagrange loai II dt dang tim dirqc 
phirang trinh mieu ta chuyen d&ng 
d pha nhay nhir sau: 
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Hinh 9.12: Dam nhay 
a) Saild; h) Mo hinh tinh 




(9.58) 


m.x - m 0 .r.co 2 .sincot + m.g = 0 


hay: 


x 


m^rcrs incot 
m 


-g 


(9.59) 


Gia thie't ring tai thai diem t Q dim ngang dang tiep dat va chuan bi nhay khi do dam 
chi nhay dirac khi x > 0 va tie'p tuc tang (x > 0). Tir (9.54) d& dang tim dirac thai diem 
nhay t 0 khi x = 0 


t Q = — a.r.c.sin m '^ > (9.60) 

w m 0 .r.co“ 

Do t 0 > 0 nen sincot 0 > 0, suy ra cot 0 e(0 -5- n/2) hay t o e^0; 

TCr diiu kien d&u x(t 0 ) = x (t 0 ) = 0 suy ra: 


m 0 .rco 

x = --- (coscot - coscot) - g(t - t 0 ) 

m 


(9.61) 


m o r r -i 1 2 

va x = - sincot 0 -sincot + co(t-t 0 ) coscot 0 - —g(t-t 0 ) (9.62) 

m L J 2 

Gi£ si> dim tiep tai thcri di€m t,, khi do tCr diiu kien x = 0, de ding tim dirac t, 
tir (9.62). 

Thay g tir (9.60) vao (9.62) ta co: 

sincot 0 - sincot, + co(t, - t 0 )coscot 0 - ^co 2 (t, - t Q )sincot 0 = 0 (9.63) 

Vi mat H thuyd't co the xdy ra hai trirang hap sau: 

Thu nhd'v. Do co bie'n dang cua dat dam khbng nhiy tire thi sau khi cham da't, khi do: 


cot, - cot 0 = co(t, -1 0 ) < 2n. 

Thu hai: Dam nhay ngay sau khi cham dat. Khi do ta co: 

COt, - C0t o = C0(t, - t 0 ) = 271 


Dat: 


K = 


nio.r.co' 

m.g 


1 


sincoL 


(9.64) 

(9.65) 


vi giai phuang trinh (9.63) theo phirang phap s6 cho trirang hap mOt ta co ke't qui sau 
(bing 9.4). 


Bang 9.4. Ket qua giai cho truwng hq*p thir nhat 


cot 0 

0,3082 

0,4 

0,6 

0,8 

1,0 

1.2 

1,4 

n/2 

cot t 

6,5914 

5,8715 

4,8295 

4,0318 

3,3380 

2,6973 

2,0845 

n/2 

co(t, -1 0 ) 

2tt-0 

5,4715 

4,2225 

3,2318 

2,3380 

1,4973 

2,6845 

0 

K 

3,2969 

2,5679 

1,7710 

1,3940 

1,1884 

1,0729 

1,0148 

1 
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Trong dang chuyen ddng thu hai do gia tri x > 0 nen: 

t > — arcsin (9.66) 

© m o r( 0 “ 

va tai t] van co x(t,) = 0 . 

Xuat phat tu (9.62) va giai phirong trinh ta co: 

C0S03t o 

sincot 0 - - 


hay : tgcot 0 - — (9.67) 

71 

Chu y ddn (9.62) ta co: 

cot 0 > arctg— = 0,3082 (9.68) 

71 

Va K = —-— = —— (9.69) 

sino)t 0 coscot 0 


Bang 9.5. Ket qua tinh toan cho dang chuyen dong thir hai 


(0t o 

0,3082 

0,4 

— 

0,6 

0,8 

1,0 

1,2 

1,4 

k/2 

cot. 

6,5914 

6,6832 

6,8832 

7,0832 

7,2832 

7,7832 

7,6832 

5k/2 

co(t, -t 0 ) 

2tc 

2 K 

2 71 

2 n 

2 n 

2 n 

2k 

2k 

K 

3,2969 

3,4108 

3,8064 

4,5092 

5,8145 

8,6699 

18,4835 

CO 


Chu y rling vdi dang chuyen d 0 ng thu hai, ben canh vice giai phirong trinh (9.63) 
con phai chii y den tinh dn dinh chuyen ddng. Theo 161, chuyen d 0 ng dn dinh khi 
K < 3,7242. 

Mat khac neu xet hieu qua dam chat theo dOng nang T khi dam cham dat, ta co: 

T = |mWt,)l ! /^ (9.70) 

2 /co 

Tco 1 7 -> 

Hay: - - —- g" [K(coscot 0 - coscot,) - co(t, - t w )]~ (9.71) 

m 471 

Theo 161, hop li hon ca nen lay gia tri K trong khoang 3,3. 

Nhan xet: 

- Vi du tren xuat phat tir gia thiet chua phan anh chinh xac qua trinh lam viec thirc 
te' do do ket qua tinh toan dat dupe cung chi gidi han trong pham vi gia thiet, tuy nhien 
da cho phep dinh hirdng chon he so K, noi khac di cho phep chon so b 0 cac thong sd 
cua thiet bi nhir mSmen tinh m 0 r, tan sd kich dong co, khdi Iirpng thiet bi m. Gia tri K 
< 3,7242 va nen chon K « 3,3. 

- De dam bao hieu qua dam va tranh tdi da tai trong ddng tac dung I 6 n thiet bi, sau 
khi co K n 6 n chon gia tri co nho nha't co thd dupe va m 6 men tinh m 0 r ldn nhat co the 
dupe. Tat nhien viec chon tan sd va mdmen tinh nhu da n 6 u tren con phu thude nhieu 
vao yeu cau cua edng nghe. 
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Chmmg 10 

MONG MAY 


§10.1. KHAI NIEM CHUNG 

10.1.1. Cau tao 

Khi lam viec may thudng dat tren mong may hoac tr6n dem dan h6i vi vay viec tinh 
toan, thie't ke' mong may la khSng the thie'u duac trudc khi lap dat may. 

Co nhi£u dang cau tao mong may khac nhau, song hay gap han ca la cac loai mong 
khoi, mong khung va mong coc. 

Mong khd'i la m0t khdi vat th£ lien tuc (thudng tu be tOng hoac be tOng cd't thep) 
phan ldn co dang hinh h5p co kich thudc va ca'u tao phu hop d£ lap dat may va cac 
thiet bi kem theo. Dac diem chung cua mong khd'i la co dd cung rat ldn so vdi n£n va 
vi vay khi tinh toan ddng luc hoc co th£ xem no nhu vat r&n tuyet dd'i. Mong khd'i dugc 
dung phd bie'n cho cac loai cdng cu, may nghi6n sang, tram trdn... Hinh 10.1 md ti 
mong khd'i dung cho may nen khi co nang sua't Q = 35m 3 /gid. 

Khac vdi mong khd'i, mong khung g6m cac dam doc va ngang cung vdi nhau tao 
thanh khung khong gian phia dudi gan cung vdi ban day (hinh 10.2). Mong khung la 



Hinh 10.2: So dd kit cdu mong 
khung may nen khi 

Hinh 10.1: Mong khoi dung cho 7 . May nen: 2. Co cdu truyin ddng 

may nen khi co Q - 35m/g\d 3. D$ng ca; 4. Bo ph$n lam mat. 
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hd khong gian do vay kha nang chiu t&i tdt han mong khdi, 
song kd't cau va tinh toan phirc tap hem nhieu. Mong khung 
dirac dung chu yeu cho vide lap dat cac may co so vong 
quay ldn nhir cac tuabin phat dien, may bu d6ng bo... 

So vdi mong khd'i va mong khung, mong coc (hinh 10.3) 
it dirge dung khi lap dat may. No chu ydu dirge dung khi 
didu kien dia chat va khong gian lap dat may khdng cho 
phep sir dung hai loai mong tren. 

10.1.2. Cac yeu diu co ban khi thiet ke mong may 

Khi thid't kd' va thi cOng mong may phai thoa mSn dirge cac yeu ciu ccf ban sau: 

- Dam bao bdn, on djnh, tin cay. 

- Do bid'n dang, do lun nam trong pham vi cho phep khong gay anh hudng den sir 
lam vide binh thudng cua may. 

- Khong cho phep gay ra nhtrng rung dong lam anh hudng den hoat ddng binh thudng 
cua may, anh hudng den ngudi van hanh, den cac may lan can va cac cong trinh 
kien true. 

Thuc chat hai ydu cau dau la cac ydu cau chung cho tat ca cac loai mong chiu tai 
tinh. Rieng vdi mong may, hai yeu cau ndu trdn thudng r£t dd dap ung vi mot mat trong 
lugng may va momen thudng khdng ldn ndn ap luc tinh tac ddng ldn ndn kha nho. 
(thudng tir 0,2 - 0,6 bar), mat khac kich thirdc mat bang nho, chidu cao khong ldn ndn 
kha nang lun khdng ddu it xay ra. Do vay de dap ung hai nhu cau dau, vide tinh toan 
mong may co thd ap dung theo cac tidu chuan tinh trong xay dung co k^ dd'n tai trong 
ddng luc phat sinh khi may lam vide 1111. 

p tb < m.nrq.R (10.1) 

Trong do: 

p, b - ap luc tinh trung binh trdn ndn do may va mong may gay ra; 

m - life s6 k£ ddn anh hudng cua tai trong dong, ddn dac diem lam vide cua may; 

m ( - he so kd ddn kha nang chiu tai trong ddng lau dai cua nen; 

R - ap luc tinh toan cho phep khi tinh toan mong theo 1111, gia tri m, rrq phu thuOc 
vao dac diem lam vide cua may va dugc lay nhu sau: m = (0,8 - 1,0) vdi mong chiu tai 
trong theo chu ki; m = 0,5 vdi mong chiu tai va dap; irq = (0,7 - 1,0) tuy theo ndn dat. 

Viec tinh toan mong may nham thoa man yeu cau thu 3 vd thuc chat la tinh toan 
dao ddng mong may nham xac dinh bien dd dao ddng A m cua no nho han gia tri 
quy dinh: 

A m <[A] (10.2) 

Gia tr| [A] phu thuoc vao dang, dac trung tan so cua luc kich ddng, loai may... 

Theo 1111 gia tri [A] cho mdt sd' loai may co thd lay nhu sau (bang 10.1) 


\P(t) 



Hinh 10.3: So dd mong coc 
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Bang 10.1. Gia tri [A] cho mdt so loal mong may 


Dac di6m 

[A]mm 

May co chuye"n d6ng quay (v/phut): 

' 

n < 500 

0,20 

n = 500 h- 750 

0,15 

n = 750- 1000 

0,10 

May co ca c£u tay quay con trirqt (*): 


n > 600 

0,1 

n = 600 - 400 

0,1 -0,15 

n = 400 - 200 

0,15 - 0,25 

n < 200 

0,25 

May biia 

1.2 

Mong may cua ban khuOn due 

0,5 

* Chi Iciy cho dang dieu hda t/u'r nlidt 


Gia tri [A] nSu tren chi mdi xet thuan tuy den didu kien kT thuat ma chira xet d£n 
anh hirdng cua dao dong d£n sue khoe cua ngirdi van hanh, vi vay vdi cac may yen cau 
cOng nhan thirdng xuySn phai dirng tren mong may de thao tac thi gia tri bien d0 A con 
phai nim trong gia tri gidi han cua bien do dirpc quy dinh trong tieu chuan ve an toan 
lao dong. 

Gia tri nay co the tham khao trong bang 10.2. 


Bang 10.2. Gia tri bien do dao dong 
cho phep tai ch6 lam viec cua ngutyi van hanh 


Tan so' dao dong 
(HZ) 

Gia tri bien dd dao dong 
cho phep (mm) 

Gia trj binh phirang trung binh 
cua t6c d6 dao d6ng (mm/s) 

Tir 1,4 den 2,8 

3,14 - 0,61 

11,2 

Tir 2,8 - 5,6 

0.61 - 0.13 

5,0 

Tir 5,6 - 11,2 

0,041 


Tir 11,2 - 22,4 

0,041 - 0,020 

2,0 

Tu 22,4 - 45,0 

0,020 - 0,0102 

2,0 

Tir 45,0 - 90,0 

0,0)02 - 0,005 

2,0 


Gia tri cho trong bang 10.2 co the lay tang len den 3 lan khi thdi gian tiep xuc vdi 
dao d0ng cua ngirdi van hanh may nho hern 15% thdi gian cho mot ca. 

§10.2. cAc DANG KICH D0NG KHI TINH DAO D0NG MONG MAY 

Khi may lam viec, ngoiii tai trong tinh, mong may con chiu tai trong ddng do lire 
quan tinh cua may sinh ra. Tai trong dong tac dong \tn mong dircrc phan thanh hai nhom 
chinh: tai trong co chu ki va khong co chu ki. 
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Nhom t&i trong d&u xu&'t hidn d cac nDy ho$c thid't bi co dang chuy^n ddng quay 
dlu nhir may di6n, tuabin, may ti6n..., cac may quay deu d6ng thcri co chuy^n ddng qua 
lai nhur may nen khi, ddng co dot trong. 

Nhom tai trong thu hai xu^t hi6n khi cac may co chuy£n d0ng quay khdng ddu hoSc 
va d|p khdng d£u khi lam viec nhu bua may, thi£t bi can kim loai, may nghi&n... 

Hinh 10.4. Trinh bay d6 thi dang Di trong ddng tac dung len mong may. 


Hinh 10.4: D6 thi dang tai trong 
tcic dong len mong 

a) May co rdto quay diu; 

b) Co cd'u ray quay con truot; 

c) May ddp; d) Mdy cdn; 

e) Mdy phdt di£n co cong sudt 
gian doqn. 


§10.3. TINH TOAN DAO D0NG MONG MAY 

10.3.1. Khai mem 

Muc dich tinh dao ddng mong may la dam bao su Dm vi6c binh thudng cua may va 
giam lire tinh va ddng tac dung I6n nen dat, dfic bi$t tranh hien tircrng cong hudng khi 
Dn s 6 kich ddng bang tdn s 6 dao ddng rieng cua mong. 

Can phan biet each rung chii dong, each rung bi ddng khi tinh toan mong may. 

Cach rung chu ddng la tim cac giai phap kl thuSt d£ han che tai trong ddng lure truy£n 
xudng n£n dat khi may Dm viec. 

Khac vdi each rung chu ddng, each rung bi dOng la tim cac giai phap kl thuat de 
han ch0 su anh hirdng cua rung dong do may gay ra de'n cac may Dn can khac ho&c 
cong trinh xSy dung. 

Nhu vay viSc tinh toan dao ddng mong may chinh la vipc tinh toan dao ddng cua 
m0t he co hoc co sd' b£c tu do phu thude vao md hinh thid't lap, trong do cac phan tu 
khoi lucmg la cac ph&n tu khdi lirqmg cua may v^ mong may, cac phan tu dan hoi d&c 
trung cho n£n dat, cac ph&n tu kich ddng ho&c la kich dong lire (co hoSc khdng co chu 
ki) hoac D kich ddng ddng h<?c. 

Do han che' v6 thcri lupng, dudi day chi trinh b&y nhfl-ng net ca ban khi tinh dao ddng 
mong khdi. 


a) 


■ lyw 


b> *'■ 
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10.3.2. Cac mo hinh th wring gSp khi tinh toan mdng khoi 

a) Cdc hinh thirc ddt mdng khd'i 

Tuy theo tfnh nang, kl thult kdt clu cua may, mong khd'i co nhidu d^ng khac nhau, 
song xet theo phurcmg thirc tid'p xuc vdi ndn, mdng khd'i co thd dat true tid'p trdn ndn 
dat hoac sin (hinh 10.5a, b) hoac mdng dat true tid'p trdn ddm dan h6i ma khdng cln 
mdng may (hinh 10.5c). 



Hinh 10.5: Cac hinh thirc ddt mdng khd'i 
a) Ddt true tirfp trin nin ddt; b) Ddt trin san; c) May ddt trin dim dan hdi. 

1. May; 2. Mdng; 3. Sdn; 4. Dim dan hdi. 

Nhir v|y ndu kd dd'n su dan hdi giam cha'n cua nin dat hoac san, dim thi du & nhom 
nao mdng va may lap dat trdn no khi chiu lire kich dOng ddu trd thlnh mOt h$ dao ddng 
cct hoc. 

b) Mdng chiu luc kich dong co chu ki 

Trong trirdmg hap tdng quat hd dao ddng gom cac phan tu mdng va may lap trdn no; 
phln tu dan hdi, giam chan cua dat (hodc ddm din hdi) la h6 dao d0ng khdng gian co 
6 bac tu do (hinh 10.6) hoac neu chi xet dao ddng trong mat phang XOY thi he co ba 
bac tu do (hinh 7.2b). 



Hinh 10.6: Mo hinh hi dao dong co hpc mdng may vdi 6 bde tu do 
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Viec chon md hinh khi tinh toan mong may tuy thu0c vao didu kidn lam vide, vi tri 
ISp dat cua may, nhu ciu v6 chOng rung cho cac may va cdng trinh lan can, trang thai 
nen dat... 

Tuy nhidn khi tinh toan mong may theo dao d0ng, bidn dd dao dOng, v$n t0c va gia 
td'c dao ddng theo phircrng thang dung co &nh hudng Ion den sir lam vide cua may, ddn 
tai trong ddng truydn xud'ng san, d^m hoac n&n dat dudi mong, vi vay khi tinh toan dao 
ddng hd mong - may chiu tac ddng co chu ki thudng dung he mdt bac tu do (bang 10.3). 


Bang 10.3. Md hinh toi thieu khi tinh mong chiu kich ddng dieu hoa 



10.3.3. Phutyng phap each rung 

a) Cdch rung chu ddng 

Nhu da bid't trong chuong 7, phuong trinh midu ta chuy^n d0ng co dang: 

Khi la kich dong luc: 

mx + bx + c.x = F(t) (10.3) 

Ham F(t) trong (10.3) thuerng co hai dang: 

F(t) = H.sincot 

Hoac F(t) = m 0 .r 0 .or.sincot (10.4) 

Nghi^m cua phuong trinh (10.3) cd dang: 

x = —- -- 1 . — . sin((dt - a) (10.5) 

c Vn“-r ) 2 + 4mfr 
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Vdi: 


tga 


2m,r 


= 


03 


r - 


m, - 


1 - C m 03 0 ' 2mo) 0 


N£u goi lire ddng lire tac dung l6n n£n dat la F d ta co: 

F d = c.x + b.x (10.6) 

Xac dinh x bang each dao ham (10.5) va thay vao (10.6) gia tri x, x sau khi bien d6i 
ta co: 


F,# = H 


1 + 4m?r 


(1 - r 2 ) 2 + 4m!.r 


- . sin(cot + y - a) 


(10.7) 


Vbi y la goc lech pha gitfa x va x. 
Goi: 

V, = 


V, = 


V(1 ~ r 2 ) 2 4-4mJ.r 2 


1 + 4m 2 r 2 

•v.2 


(1 - r 2 )" + 4mj.r 

Thi bi6n d0 dao d6ng A va F d dirge viet nhu sau: 

A = ~ V,(r) 


( 10 . 8 ) 

(10.9) 

( 10 . 10 ) 

( 10 . 11 ) 


F d = H.V,(r) 

Cong thirc (10.10), (10.11) sir dung khi H = const. 

Trong trirdng hap F(t) = m 0 .r 0 .co 2 .sinwt hay H ti le vai 03 2 , mdt each tirang tu ta 


se co; 


A = 


Fd = 


m 

nyi'c 

m 


- V 3 (r) 
.c.V 4 (r) 


Vdi: 


V 3 (r) = 


V 4 (r) = r 


V(1 - r 2 ) 2 + 4mJ.r 
1 + 4m,. r 2 


( 10 . 12 ) 

(10.13) 

(10.14) 

(10.15) 


(1 - r)~ + 4m,.r 

D6 thi bieu didn ham V,, V 2 , V 3 , V 4 dirge trinh bay d hinh 10.7. 

Tir cac ke4 qua tinh toan neu tren co th0 nit ra mot s6 nhan xet sau: 

1. Khi H = hdng 

Xet (10.10) va (10.11), gia tri cua bien d0 dao d6ng A va lire dOng lire truyen xubng 
nen dat phu thude nhi6u vao do cung ciia dat C va gia trj ciia V, va V 2 . 
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Hinh 10.7: D6 thi bii'u diin cdc ham V it V 2 , Vj, V 4 phu thudc vao r va m { 

Khi dat may tru-c tid'p trdn nen dat (bang 10.2) co gi& tri ir^ nho nen co thi? bo qua 
giam cha'n thi tai r = 1 hay co = co 0 sd x^y ra cdng hirorng, gia tri cua A va F d tang rat 
idn, vi vay ph&i tinh toan mong may sao cho tan sd' ridng cua no khdng trung vdi tan 
s 6 luc kich ddng. 

Khi tinh toan mong may theo dao ddng ngurdi ta phan ra ba trirdng hop sau: 

Truong hap 1: Tan sd dao ddng ridng cao nhdt cua mong nho hon tan sd' luc kich 
d0ng max (eo 0 ) < min (co) hay r » 1. 

Truong hap 2: T&n sd' dao ddng rieng cua mong ldn ban tdn sd' lire kich ddng (co 0 > 
co) hay r « 1. 

Truong hap 3: Phd cua tan sd' dao ddng ridng va tan sd' kich ddng cd ph&n trung 
nhau song khdng gay ra cdng hirdng. 
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Vdi quan niem tren khi mong may dat true tiep tren ndn thi viec tinh toan dao dOng 
cua no chi ap dung cho trudng hap 1 va trudng hap 2. 

dam bao co 0 » co hay r « 1 (trirang hap 2) co th£ tang dd cirng C cua dat va 
cd' gang giam khOi mong may rn m , song C ti le thuan vdi didn tich tie'p xuc cua day 
mong may F m vdi n6n dat 111, 1111..., nen trong trudng hap n6u tren didn tich F m doi hoi 
kha ldn va ph£i dirac uru tien khi tinh chQn mong may. 

Dt? kh&o sat trircrng hap tinh mong khd'i dat true tie'p tren n6n khi cd co » co 0 hay 
r » 1 (trirang hap 1) ta vid't lai c6ng thuc (10.10) dirdi dang sau: 


Ta co: 



( 10 . 16 ) 


(10.17) 


Nhir vay khi da cho thdng sd' cua may (gia tri luc kich dOng H va him sd' co, bi6n do 
dao ddng cua mong may phu thuoc vao khdi lirang mong va may m noi khac di mudn 
dam bao A < [A] phai tang m. Vide tang gia tri m mdt mat lam tang ap lire tinh tren 
n£n hoac skn, dam dat may, mat khac tang chi phi mong may. Chinh vi vay ngirdi ta 
tim each tach rieng phan chiu luc va phdn dan hdi bang each dat them ddm dan hdi 
gitfa mong va n£n. 


Khi lap them ddm dan hdi phai tinh dd'n gia tri luc tac dung len ndn. Tu hinh (10.7) 
ta thay gia tri F d giam khi gia tri giam cha'n nho, do vay theo 111 nen dung phan tu dan 
hdi la Id xo tru, va gia tri r * 3. 

2. Khi H = m 0 .r 0 co 2 . 

Tir dd thi hinh (10.7) thay ro rang gia tri bidn dd dao ddng cua mong A nho khi 

■ti . ' 

V 3 = 1 hay khi r < — » 0,7 neu may lam viec d che dd co co < co 0 va r > 3 nd'u may 


lam vide d chd' dd co co > co Q , vi vay khi tinh dao ddng mong may ndn chon 0 < r < « 0,7 
va r > 3 tuy theo che' dd lam vide cua may. 


b) Cach rung bi ddng 

Phuang trinh mieu ta chuy^n ddng khi each rung bj ddng cd dang sau: 


mx + b.(x - S) + C.(x - S) = 0 (10.18) 

Ne'u S = S 0 .sincot (10.19) 

Taco: x + 2b.x + co 0 .x = 2b x.io. coscot + co 2 S 0 s incot (10.20) 

Rut gon ve phai: 

x + 2b.x + co 0 .x = S Q . VcOo.(2bw) 2 . sin(cot + y) (10.21) 
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( 10 . 22 ) 

(10.23) 


Hay: x + 2b.x + co 0 .x = Q 0 .sincot 

Vdi: Q 0 = S o .Vc0o + (2b.©)" 

Dang nghidm cua (10.22) co dang (10.5). 

Do dac di£m cua giao trinh, vi$c tfnh loan mong may trong trircrng hap each rung bi 
dOng khdng neu chi tid't a day ngirai doc co th£ xem trong cac tai lieu tham khao vi du 
111, 121, 161, 1111. 

10.3.4. Mong chiu ki'ch dong va dap 

a) Khai niim 

Kich dOng va dap xay ra ddi vdi mong 
khi may lam viec theo nguydn tac va dap 
nhu may bua, may ren rap, may tao khubn 
due.... Dirdi day chi trinh bay co so tinh 
toan dao dang cua mong bua may, loai 
may didn hinh cho cac may lam vide theo 
nguydn li va dap. Khi lam viec bua may 
dirge dat trdn mong va cac ddm dan h6i va 
thuang theo sa d6 trinh bay d hinh 10.8. 

Khdi lugng cua ddu bua m n , cua de va 
vat ren m ( , nhu da bid't dugc chon theo ydu 
cau cua edng nghd va thuang mj > m 0 (vi 
du m, = 20m o ), khd'i lugng cua mong m 2 
dirge chgn sao cho ung sulit dOng luc tac 
ddng ldn nen va dd lun nftm trong pham vi 
cho phep, dam bao su lam vide binh 
thuang cua may. Gia tri m 2 thudng ldn han 
nhieu lan gia tri m 0 . 

b) Md hinh tinh toan dong lire 

Tuy theo ket cau va phuang thuc lap dat mong may, sa d6 tinh toan ddng luc dugc 
chon co the khac nhau, song thuang su dung sa d6 ldp dat dugc ndu d hinh 10.9 va 
theo no sa do tinh toan ddng luc hoc la hd co hai bac Ur do. 

Nhu da biet trong chtrang 7. neu bo qua gia tri m 0 vi qua nho so vdi nij va m 2 thi 
phuang trinh mieu ta chuyen ddng cua hd trude va sau khi va dap co dang: 

m,x, + C)(X| - x : ) = 0 

m 2 x 2 - C|.(x, - x 2 ) + c 2 .x 2 = 0 (10.24) 

Cac di£u kidn dau dugc dat ra nhu sau: 

Khi: t = 0 co x, = 0; x 2 = 0; x, = u; x 2 = 0 



Hinh 10.8: Sa dd Idp ddt bua mdy rr$n mdng 
1. Ddu bua; 2,3. De va vdt ren; 4. Than bua; 

5. Dem dan hdi; 6. Mong khoi; 7. Dem dan hoi; 
S A , S s - trong tdm cua di#n rich day mong 
va ciia roan h& 
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Trong do gia tri van tdc ddu u dirge xac dinh theo dinh li bien thien dOng lugng dbi 
vdi vat co khdi lirgng la m 0 va rrij. 


Taco: m o .u l0 + mj.u, j = m 0 u 0 + ni|.Uj (10.25) 

Vdi: 

u 10 ; u n - van tdc ngay trirdc khi va cham 
u 0 , U| - van tdc ngay sau khi va cham. 

He sd khdi phuc k sau khi va cham dirge tinh theo: 

u 0 - u, 

k = —- L (10.26) 

U I0~ u n 

Gia tri k phu thude vao dac didm edng nghe va tinh chdt cua vat lieu va thirdng cho 
trirdc, theo 111 ta co: 

k = 0,2 cho ren nong 

k = 0,5 cho r£n nguoi 

k = 0,8 cho viec ren rap nang. 

Tu di£u kien ban d&u (10.25)_va (10.26) ta co the tinh dugc u, vi du vdi bua rcri tur 
do tai t = 0 co u n = 0; u 10 = V2gh va u, = u 0 vdi: 



(1 +k).u, 0 .m o 

u = - 

m, + m u 



(10.27) 



Hinh 10.9: So dd Idp d$t va tinh toan mdng biia 
a) Mdng ddt trin dim dan hSi; b) Mong ddt true tie/) trin nin; c) Scr dd tinh toan. 

I. Bdu bua; 2. Be va mong; 4. Tudng bao mong; 3, 5, 7. Dim dan hdi; 

6. Be; 8. Mong; 9. Nin ddt ci'rng. C\, C 2 — do cung dim. 

Nhir vay dd xac dinh thdng sd cua mdng ph£i tim va khao sat nghiem cua phirang 
trinh (10.24) thda man di£u ki$n d^u da cho. Vd nguyen trie, viec giai he (10.24) da 
dirge neu trong §7.5 nen khOng trinh bay d day, trong trirdng hgp can tinh toan cu thd 
hern co thd xem trong 111, 191, 1111. 


§10.4. thi£t k£ m6ng kh6i 


10.4.1. CSn cir thidt kd 

De d^m bio mdng thoa man dirge yeu c&u dat ra, cac tir lieu dirdi day thirdng dirge 
cho trirdc va la can cir khi thiet ke. 
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- Tinh nang kT thuSt, dac di^m lam vide, yeu c&u cdng nghe cua may. 

- Dac di6m cua nen dat hoac cdng trinh dudi mong. 

- Vi trf, khdng gian lap dat may tuong quan giua may vdi cdng trinh kie'n true hoac 
cac may lan can. 

- Cac yeu cau ve ve sinh cdng nghiep dac biet la phong chd'ng rung cho ngudi 
van hanh. 

- Cac yeu cau khac (neu co) nhu kha nang lap ghep cua mong, dl van chuyen 
(neu la mong lap ghep). 

- Kha nang ve von. 

Cac tur lieu ndu tren diroc cho bdi nha che tao va ngudi su dung. Trong trudng hop 
khdng co du sd' lieu thi buoc ngudi thiet ke phai tinh toan, dac biet la phai xac dinh 

dupe day du cac lire tac dung len mong va lire tac dung tai cac bu Idng n6n (bu 

Idng neo). 

- Vat lieu dung lam mong may chu yeu la be tdng co cdt thep hoac khdng co cdt thep. 

- Yeu c&u chdng rung cho cdng trinh kie'n true. 

Co nhieu phirong thirc lien ket giua bu long neo vdi mong va may (hinh 10.10) nhu 
lien ke't true tie'p bu long vdi mong (hinh 10.10a, b), lien ket nhd cac dng thep (hinh 
10.10c, d, e). Tuy theo chat lupng be tdng (co mac tu 150 - 300) chilu dai bu Idng thay 
doi. Khi li6n ke't true tie'p, chieu dai phan bu long nam trong be tOng: l = (20 - 30)d 

neu la bu long khdng moc, l ~ (15 - 20)d neu la bu long co moc vdi d la dudng kinh 

bu long; khi lien ket nhd cac ong thep, chilli dai bu Idng / = (10 - 15)d. 



Hinh 10.10: Cac phuemg thuc lien kit bu Idng 
a, b: True tii'p; c, d, e: Lien kit nha dng thip. 
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Vide thid't kd mong thudng dugc tid'n hanh theo cac budc sau: 

- Chon so bo kich thirdc hinh hoc, khoi lirong cua mong. 

- Xac dinh cac thOng sd' cua md hinh dong lire hoc mong - may va ti'nh toan dao 
dOng mong - may. 

10.4.2. Chon so’ bo kich thirac hinh hoc va khoi lirong 

a) Khdi mem 

Kich thirdc hinh hoc cua mong phu thu0c vao nhidu yeu to' va chi dirge xac dinh 
chinh xac sau khi da tinh toan theo tai tlnh va tai dong, tuy nhien kich thirdc cua mong 
trirdc hd't phai thoa man doge dieu kien lap dat giira mong va may nhir dien tich de 
may, vi tri, kich thirdc, chieu sau bu long nen, cac phan chim cua may dirdi mat lap 
ghep..., vi vay trirdc khi tinh toan mong may phai chon so bo cac kich thirdc thoa man 
dieu kidn lap dat. 

Cac kich thirdc va thong so' thirdng dirge chon trirdc la chieu sau mong may, di6n 
tich tid'p xuc theo phuong vuong goc ciia mong vdi n£n, khdi lugng mong may. 

b) Chon chiiu sciu mong nuiy 

Nhir da thay d §10.3 tan sd' dao dong rieng, bidn dd dao ddng, ap lire tinh va dong 
tac dung len nen dat chju anh hudng rat nho cua chieu sau dat mong may, hon nua khi 
chieu sau chdn lap mong cang Idn thi gia thanh thi cong cang cao do vay khi thieft ke 
mong ndn chon kich thirdc chieu sau toi thidu co the’ dirge. Chieu sau cua mong may 
phu thuoc chii yd'u vao cac yeu td' sau: 

- Kich thirdc va phirong thirc chdn bu idng n£n; 

- Phan rdng can thiet de lap dat cac cum thiet bi nam dirdi mat tid'p xuc giira mong 
va may ma chi co the xac d|nh bang thirc nghidm. 

Theo 1121 h6 sd' dd edng cua dat theo phirong thang dung C 7 dugc xac djnh nhu sau: 

Cz = CTT (,0 - 28) 

Trong dd: 

E - modun dan h6i ddng luc; N/m 2 

A - didn tich tiep xuc; (m 2 ) 

k - he sd' dac trung cho hinh dang tiep xuc; khi tinh so bo 

Hd sd' dd cung theo hai phuong con lai x, y dugc tinh nhu 

9 

C x = Cy = — . C 7 cho dat dang 

C x = C y = . C y cho dat dinh. 


k = 0,4. 
sau: 

hat. 
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Gia tri mo dun dan hdi dong luc cho a bang 10.4. 


Bang 10.4. Mo dun dan hdi ddng luc cua mot sd loai dat 


Loai dat 

E(N/m 2 ) 

Ddt dang hat: 


Cat tai 

(15 - 30). 10 7 

Cat chat vua 

(20 - 50). 10 7 

Soi dim 

(30 -5- 80). 10 7 

Ddt tir nhien 

(30 - 80). 10 7 

Ddt dinh: 


Set cung 

(10- 50).10 7 

Set mdm 

(4+ 15). 10 7 

Mun 

(3- 10). 10 7 

Mun nhdo 

(1 - 3). 10 7 


Sau khi xac dinh chinh xac khdi luong mong may nho tinh loan dOng luc cua he 
mong may - nen se can cu vao di£u kien lap dat may di chon chinh xac kich thude 
hinh hoc cua mong nhir da n6u d muc 10.2.2 va 10.2.3. 

Can cu chu yeu cho viec chon khoi luong mong may la dac trung cua ham kich dOng. 
Theo 111, 1111 khoi luong mong may co the chon theo kinh nghiem nhir sau: 

- Vdi may chju lire kich dOng co chu ki: 

m ( = (5 - 10).m 2 khi n < 300v/ph 
m, = (10 - 20).m 2 khi n > lOOOv/ph. 

Trong do: m 2 - khdi luong cua may; 

n - so vong quay cua khau dan. 

- Vdi may chiu luc kich dong va dap: 

m, > 60m 3 hoac m, = 2,4V 2 .m 3 

Trong do: m 3 - khdi luong dau bua; 

V - van tdc bua trude khi va cham. 

c) He so ciing cua nen dat 

Tuy theo each dat mong phan tu dan hdi cua he dao dOng mong may co th£ la cac 
16 xo tru, cac dem cao su, san, dam edng trinh va nln d£t. Vide tinh toan he sd dd cung 
cua 16 xo, cao su da duoc neu trong chuong 6. Dd cung cua edng trinh phu thude vao 
ke't cau nen, dudi day chi trinh b&y dai cuong ve xac dinh he sd dd cung cua nen dat. 
Khac vdi cac vat lieu-kirn loai, he sd do cung cua d£t phu thude vao rdt nhidu yd'u td 
nhu loai dat, dac trung co li cua no (do hat, do am, do rdng...), d$c trung tac ddng va 
thdi gian tac ddng cua tai trong; phuong thuc tac ddng... ndn khdng co bieu thuc chinh 
xac de xac dinh he sd do cung cua dat (xem 10.4.2). 

d) Dien tick day mong 

Ap lire tac dung len nen, do cung cua nen dat va do do tan sd ridng cua he phu thude 
vao didn tich day mong ndn khi thidt kd mong khdi didn tich nay chi xac dinh sau khi 
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tinh toan tinh va tinh toan dao dong mong may. Tuy nhien trudc khi tinh toan kie’m tra 
lai co the chon di£n ti'ch day mong dua vao cac dac diem sau: 

- Ap lire l£n n6n dat khdng dupe vupt qua ap luc cho phep, vi du theo 111 ap luc cho 
phep vdi nen cat la o = 20 N/cm 2 ; nen dat set la 30 N/cm 2 ; n6n da la 60 N/cm 2 . 

- Kich thude dd' may, d(ic biet la vi tn, kich thude, khoang each cac bu ldng neo. 

- Trong tarn cua may, mong va d£ mong nfmi tren cung dirdng th&ng dung. De mong 
thudng co dang hinh chd nhat ma chi£u dai cua no song song vdi phuong lac dung cua 
lire quart tinh theo phirong ngang. Khoang each canh mong gan den edng trinh xc\y dirng 
khong nho hon (0.3 4- 0,5)m. 

g) Khoi hrang mong may 

Khdi lupng mong may la thdng so' rat quan trong co anh hudng Idn den cac thdng 
s 6 ddng lire he dao dOng mong nhir bi£n dp. van to'c, gia to'c dao dong, lire ddng lire 
F d , tan so ridng... (xem 10.5, 10.7, 10.10, 10.1 3). Ve nguyen t5c khi da co vat lieu lam 
mong neu bidt chieu cao va dicn tich day mong co the’ tinh dupe khoi lupng mong. Tuy 
nhien khi tinh toan dong luc co the chon so bd khd'i lirpng mong in,. 

De bao ve dau bu long khong tiep xiic true tiep vdi nen trong trudng hop lien ket 
true tiep, khoang each dau bu long neo den nen phai co gia tri td'i thid’u tir 
(100 4- 150)mm (hinh 10.1 1). 

Khi can lap dat cac cum chi tiet cua may dirdi mdt Idp dat, chieu day lap day phai 
ldn hon 1/5 lan kich thude nho nhat theo mat bring (hinh 10.12). Khi co cac phan 
congxon thi kich thirdc cua no phu thuoc vao chat lupng be tdng va dao ddng tu 
(0,7 4- 1) lan chieu cao (hinh 10.13). 



Hinh 10.12: Kich thude 

chieu clfiy day 6 trong Hinh 10.13: Kich thu&c phdn congxon mong 


343 



§10.5. VI DU: 

Cho m 6 t may quay vdi sd vong quay n (v/ph) chiu tac ddng cua lire F = F 0 sincot. 

Hay xac dinh khbi lirgng cua mong may sao cho chi co 5% cua lire kich dOng dirge 
truyen xud'ng n£n va bien dd dao ddng khdng ldn han bi£n do dao ddng A cua h£. Bo 
qua giam chan cua n 6 n dat. 

Co: 

F 0 = 16.10 4 N ; n = 600v/ph 
F d = 0,05. F 0 ; A = 1mm 

He da cho dirge quy v 6 mo hinh 1 bang 10.3 chiu kich dong lire. Khi bo qua giam 
chan ta co (10.5), (10.7): 

= Fo _J 
C 


A = A r 


F d = F dmax = F o 


l -r 

1 

1 -r 


( 1 ) 


( 2 ) 


D£ giam F d vdi s 6 vong quay n = 600v/ph, ta thiet ke mong vdi r > 1 hay co > co 0 . 

Chu y den goc lech pha gida lire kich ddng va chuyen vi nen da'u cua F d mang dau 
am, khi do tur ( 2 ) co: 

F„ 


Suy ra: 

Va tir (1) co: 


1 + 


r = 4,58 


1 + 


1 

0,05 


= 21 


Thay sd : 


C = 


C = 


- r 


0,05 


.0,05 = 8.101 s N/m 

1 . 10 -3 


Tir bieu thirc: 


Ta co: 


Hay: 


-> _ 
r" - 


co - 


CO* 


co: = 


co - 


co- 

71 . 600 


m 


m 

30 


300 


= 62,8s 


m 


C. r 


co; co- 


21.8. 1CP _ 

- 7 - = 42,5. 10- kg 

(62,8) 2 


m = 42500kg 
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Tan s6 dao d0ng rieng f 0 cua he: 

co 0 

f 0 = ^ = 2,18 H z 


13,7s - ' 


Tan s 6 lire kich dong: f - ~— - 10H 

' 2n 2n 

Neu cho ban ve de may thi tCr gia tri cua m va yeu cau k£t cau ta hoan toan tinh 
diroc kich thiroc hinh hoc cua mong. 
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